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CHEVREUL AS PSYCHOLOGIST 


By Dr. JOSEPH JASTROW 


EMERITI 
THERE are here by the 
courtesy of Life the remarkable ‘‘candid 
camera’’ photographs taken in Paris in 
1886 by Paul Nadar. They represent a 
remarkable man, Michel-Eugéne Chev- 
reul, distinguished physicist 
and, what is less well known, psycholo- 


reproduced 


chemist, 


gist, an all-round man of science of the 
nineteenth century. His claim to inter- 
est is enhanced by the fact that he lived 
to the remarkable of 103 
Among the photographs is one showing 


age years. 
the centenarian seated at a table with his 
son, aged 70, and a friend, discussing the 
philosophy of life, indicating an amazing 
activity of mind in old age. 

There are 
Chevreul still 
member him in his later years. 


of 
who re 

As he 
was a boy of thirteen when Washington 
died, his life-span links the ages. There 
are in his career two episodes, separated 
which 
mettle as a psychologist—not a profes- 
sional but by virtue of tempera- 
ment and training possessing an insight 
into the treacherous ways of mind under 


several confréres 


living in Paris, 


by several decades, proved his 


one 


Chevreul was a spokes- 
man for ‘‘natural causes’’ as opposed to 
the recourse to occult, mysterious and 
supernatural explanations. 
words: ‘‘I hope to show in precise man- 
ner how des gens d’esprit under the in- 
fluence of the love of the marvelous so 
natural to man, break through the limi- 
tations of the known and finite and have 


prepossession. 


In his own 
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reeourse to the cachet de merveilleu et 
du surnaturel.’’ 

Before relating the incidents at 
brought Chevreul into the domain of 
psychology, it may be well to recall his 


Dr A 
Browne, supervisor of chemical research 
in the U.S 


kindly contributes the following sketch 


contributions to chemistry ( 


Department of Agriculture, 


xO 


Michel Fuge ne 
born at Angers, 


Chevreul 17 1889 


His professional edu 


was 
France. 
cation began at Paris in the chemical laboratory 
of he 
became at the Natural 


afterwards 


History ly 


whe assistant 


Museum o 


Vauquelin, 


se 


‘ 


1813 he was appointed professor of chemistry at 
the Lycée Charlemagne. It was during his ass 
ciation with Vauquelin that he began his impor 
tant researches culminating in the publication 
in 1823 of the work on ‘‘ Animal Fats He 
demonstrated that animal fats are compounds 
glycerin with various fatty acids, a numb 
which he isolated and characterized for the first 
time. His work in this field led to great in 
provements in the manufacture of soap and 


candles. 
tor of the Dve Works of the Gobelins lapestric s. 


where he conducted researches on the 


In 1824 Chevreul was appointed dire 


chemistr 


of dyes and on color contrasts. In 1826 Chev 
reul was elected a member of the French Acad 
emy of Sciences, becoming also in the same 
year a foreign member of the Royal Society in 
London. In 1830 he succeeded his old master 
Vauquelin as professor of chemistry at th 
Museum of Natural History, of which he was 
also director from 1860 until his retirement in 


1879 at the age of 93. 


upon 


For his important work 


Chevreul was awarded a 


In 

up 
meat, Chevreul discovered the new organic com 
he to the 


stearic ¢ andles, 


prize of 12,000 frances in 1852 his investi 


gation of the substances formed m boiling 


pound creatine ; contributed also chem 
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istry of vegetable coloring matters. He issued 
a volume of memoranda on the history of chem 
istry, including alchemy. No other chemist has 
witnessed in the course of his life so long and 
so great a development of his science. 


Chevreul came from a distinguished 
family, which for generations had taken 
an active part in the scientifie and social 
life of their day; his father was an emi- 
nent physician. Through his association 
with the Gobelins industry, which he 
served to revive, he investigated the 
physics and psychology of color. For a 
score of years he lectured to artisans on 
the use of color. He formulated the laws 
of color contrast, distinguishing between 
simultaneous and contrast. 
For he realized that the positive and 
negative after-images were responsible 
The change of 


successive 


for the subjective effects. 
eolor-value upon different backgrounds 

again introducing complementary con- 
trast—and the differences in the ‘‘laws’’ 
of pigment and of color mixture were 
applied to the color schemes of textile 
and other designs. 

There are some details of the life 
of Chevreul collected by his grand- 
daughter, Madame de Champ, in 1930. 
She has preserved the contemporary 
accounts and interviews of the great 
celebration of Chevreul’s one hundredth 
birthday on August 30, 1886. It was a 
festive occasion for the entire city of 
Paris, with receptions at the Hotel de 
Ville, the Academy of Sciences, the 
museums, special gala performances at 
the Opera and the Odeon and a torch- 
light procession through the streets. He 
was accorded many honorary degrees by 
great universities, including Harvard. 
At his death in 1889, he was given a pub- 
lie funeral. 

Reporters were active in obtaining 
Chevreul’s reminiscences: of his visit to 
the Crystal Palace at London in 1851 
(only a few months ago destroyed by 
fire), where he was received with honors ; 
of his life during the siege of Paris, 
1870-1871, where he presided at meet- 


ings of the academy, though he was then 
85 years old, and expressed his econster 
nation that a war of invasion and defeat 
should obstruct the progress of science 
He recalled his official examination for a 
medical degree of a young man who im 
pressed him with his great promise and 
whose name was Louis Pasteur. But 
mostly the interviewers of the distin 
guished centenarian were interested in 
the personal habits responsible for his 
amazing activity and longevity. Ques 
tioned as to his use of stimulants, ‘‘ No,’ 
he said, ‘‘] was never able to take even 
a glass of wine, without its upsetting my 
digestion.’’ He recognized its benefits t 
others, as he added: ‘‘] was president of 
the Société de Vins d’Anjou—only the 
honorary president, however.’’ Beer 
was equally distasteful to him; nor could 
he endure tobacco smoke, explaining that 
his son was an inveterate smoker, but 
eareful to keep the odor of smoke away 
from his father. So he drew no morals, 
assumed no poses ; he just rejoiced in his 
fortunate heredity and habits. 

The distinction here to be aceorded 
Chevreul in commemorating the one 
hundred-and-fiftieth anniversary of his 
birth is the recognition of his services as 
a psychologist ; for his flair in that diree 
tion, though touching the discipline at 
only a few points, was keen. Because of 
his psychological interest, he has re 
eorded a chapter in the history of science 
that otherwise would have been forgot 
ten. It appears in a memorable volume 
entitled ‘‘De la Baguette Divinatoire. 
du Pendule, dit Explorateur et des 
Tables Tournantes,’’ 1854 
thereof was the vogue of table lifting and 


The OCCaS1ON 


of spiritualistic seances of the fifties, 
imported from the United States, for in 
reversal of the movement of empire west 
ward, the empire of cults moved (or 
eastward. The 
occasion was the appointment of a com 
the Academy of 
Sciences to inform the public as to the 


returned immediate 
mittee of inquiry by 


scientific interpretation of table-turning 
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‘*LES SENTIMENTS MORAUX DE L’HONNETE HOMME EX( EPTE, JE SUIS PRET A ABANDONNER TOUT 


CE QUE JE FAIS, SI ON ME DEMONTRE PAR EXPERIENCE QUE JE ME SUIS TROMP! EXCEPT FOR 

THE MORAL FEELINGS OF AN HONEST MAN, I AM READY TO GIVE UP EVERYTHING I AM DOING IF IT IS 

PROVED TO ME BY EXPERIENCE THAT [ AM WRONG. CHEVREUL’S SON IS SEATED 

AT THE RIGHT; THE PHOTOGRAPHER’S FATHER, FELIX GASPARD NADAR, IS STANDING. THE LATTER 

APPEARS SEATED IN THE FOLLOWING PHOTOGRAPHS. THE SECRETARY WHO RECORDED THE CONVER 
SATIONS IS SHOWN STANDING IN THE LAST PICTURE. 





Ch 
wr 
ten 
an¢ 
wh 
pel 
the 


we 





CHEVREUL AS PSYCHOLOGIST 


Chevreul made the chairman and 
wrote the report. He made of it an ex- 
tensive historical inquiry into the ancient 
and modern employment of the principle 
which he called that of the ‘‘exploring 
pendulum,’’ and which we speak of as 
that of and involuntary 
movement. 

The interpretation of the dipping of 
the ‘‘divining rod’’ in locating water, 
(and later, oil), as an involuntary move- 
ment of the forked stick in the hands of 
the dowser, eurrent long before 
Chevreul. Since Chevreul, that interest- 
ing chapter in the story of involuntary 
movements has been fully recorded by 
Sir William Barret in the Proceedings 
of the Society for Psychical Research. 
But if we go back a century or more, we 
come upon a very different attitude 
toward the mysteries of the divining rod. 
We then find a philosopher, Male- 
branche, discussing with a Father 
LeBrun (1689) the origin of the force 
that directed the witch-hazel fork to 
underground fortunes. Pére LeBrun 
argued that since it was not the work of 
either God or the angels, the force must 


was 


Su bconsctous 


was 


emanate from the devil. The same device 
was used to detect crime; and a learned 
physician of the same day contributed 
the remarkable hypothesis that ‘‘the cor- 
puscles exhaled in the transpiration of 
the body of a murderer differ in the 
pattern of their arrangement from what 
they would have been had he not perpe- 
trated the crime.’’ Malebranche argued 
for a more rational explanation. 
Chevreul thought it well to present the 
background of outgrown beliefs, to make 
clear the gradual triumph of 
over the oceult. 

The phenomenon that gives the second 
title in Chevreul’s memoir is both more 
ancient and more modern; for it 
back to Roman days and has been revived 
even in our own day. It reached its peak 
when Chevreul was a young man, and to 
the generations since has been a forgotten 
In 1808 appeared a book with 


science 


a » 
Ot Ss 


episode. 
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the title ‘‘Le Pendule Explorateur,’’ by 
Professor Gerboin of Strasbourg, one of 
a group of physicists who recorded hun 
dreds of 

new force. 


experiments demonstrating a 
They felt confident that they 
inaugurating a new chapter in 
It fell to Chevreul 


to make plain that they 


were 


physies. though not 


to him alone 


were contributing to learned error, 


through ignorance of what since then has 


become a familiar psychological prin 
ciple. 
The apparatus or ‘‘pendulum’’ em 


ployed was very simple substantially 


nothing more than a weighted ball sus 
the The 
noted pendulum 


end of a string 
that the 
swung one way for one kind of substance 


pended at 
observations 


or influence, and in an opposite way for 
another. It was claimed that when the 
string, with a bit of iron, sulfur, gold or 
other metal suspended from it, was held 
over the north pole of a magnet, the 
movement left to right, 
over the south pole from right to left; 
held over copper or silver, it went right 
to left; over zine or water, left to right; 
if held in the left 


was reversed ; if held over an apple with 


was from and 


hand, the movement 


the stem upward, it moved one way, if 
over an apple with the blossom-end up 
ward, in the opposite way; if held over 
the head of a human subject, it rotated 
‘*nositively,’’ if over his feet, ‘‘nega 
tively.’’ 

Pursuing their theories, they held that 
the force responsible for the movement 
either ‘‘expansive’’ or 


was ‘compres- 


actively or passively perturbed, 


the 


sive,”’ 
form of movement of 
They 


be expansive and hydrogen compressive ; 


according to 
the pendulum found oxygen to 
the tips of the fingers were expansive, 
the middle joints compressive ; some min 
erals were found to be expansive, and 
This 


alleged new chapter in science is wholly 


the diamond was neutral. entire 


mythical, the result of expectant sug- 
gestion. The ball swings as you think 
it will or should. It swings so readily 








492 THE SCIENTIFIC MONTHLY 

















‘* JE NE VOUS AI PAS TOUT DIT! MAIS DIRE N’EST RIEN, IL FAUT PROUVER, FAIRE VOIR. JE VOUS 


FERAI VOIR, IL FAUT QUE VOUS VOYEZ, PARCE QUE C’EST QUAND JE VOIS QUE JE CroIS.’’—I HAVEN "1 
TOLD YOU EVERYTHING. BUT TO TALK IS NOTHING. ONE MUST PROVE, MUST MAKE SENSE. I WILI 
MAKE YOU SEE. YOU MUST SEE BECAUSE WITH ME SEEING IS BELIEVING. 
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‘* JE N’AIME PAS M’OCCUPER DE PLUSIEURS CHOSES A LA FoIs!’’—I DON’T LIKE TO BE BUSY WITH 


A LOT OF THINGS AT ONC! 
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that the holder is wholly unaware that 
The theory is 
mistaken 


he is giving the impetus. 
all a rationalization 
premise. 

And that was Chevreul’s principle of 
explanation. He proved it by experi- 
menting upon himself; for at first he too 
found that the pendulum worked, as 
predicted, when held over a dish of mer- 


upon a 


He made his ‘‘exploring pendu- 
lum’’ by attaching an iron ring to a 
thread of flax. To test whether a physi- 
cal force operated the pendulum, he in- 
terposed a glass plate between the iron 
Again, to his 


ceury. 


ring and the mereury. 
surprise, the oscillations dimmished and 
then stopped entirely, and started again 
when the glass plate was removed. Sus- 
pecting that the movement was due to 
the difficulty in holding the pendulum 
steady with a free arm, he rested his arm 
on a support; the oscillations diminished 
but did not Still suspicious, he 
had his eyes blindfolded and let some 
one else interpose the glass plate without 
his knowing when; and nothing hap- 
pened, though he held the pendulum 
still for fifteen minutes. This observa- 
tion marks an important moment in the 


cease. 


annals of suggestion. 

Chevreul had made a great discovery, 
which stood by him for life. 
I believed the movement possible, it took 
place; but after discovering the cause | 
could not reproduce it.’’ He adds that 
‘might be of some inter- 


**So long as 


‘ 


the experiments 
est for psychology and even for the his- 
tory of science.’’ They show how easy 
it is ‘‘to mistake illusions for realities, 
whenever we are confronted by phe- 
nomena in which the human sense-organs 
are involved under conditions imper- 
fectly analyzed.’’ 

When accordingly in 1853 Paris went 
wild over turning and talking tables, 
Chevreul had only to bring forward his 


notable letter to his friend Ampére, pub- , 


lished in the Revue des Deux Mondes in 


1833, concerning a 


muscular movements,’’ which established 


‘particular class of 
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convincingly the principle of involun- 
tary movement. But these experiments 
were actually performed in 1812, when 
Chevreul was twenty-six years old, and 


as a direct challenge to the Gerboin 
group of physicists. So the span of 


Chevreul’s interest in this psychological 
problem covers the period from 1812 to 
1854. 

He thus brought together under one 
principle three phenomena which popu- 
lar belief and practice 
science ; dowsing, a ‘‘ vulgar error’’ 
ported by some ‘‘scientific’’ 
tion; the ‘‘exploring pendulum,’’ 
tributed by prepossessions of a group 


presented to 
sup- 


investiga- 


con- 


of physicists ;* and table-moving, a spirit- 
ualistic phenomenon. The divining-rod 
is an ancient practice, retaining adher- 
ents to-day ; there was held a congress of 
**diviners’’ in 1932. The ball and string, 
as a fortune-telling device, goes back to 
Roman days, when it was held inside a 
tall glass. As the letters of the alphabet 
were spoken, the ball would swing to the 
side of the glass and ring out the correct 
letter. 
ing the ‘‘pendulum’’ 
alphabet and thus spelling messages, an- 
ticipating the Ouija board, which had 
its great vogue in the closing decades of 


There are also accounts of hold- 


above a written 


the nineteenth century, but its predeces- 
sor in the fifties in the Spiritualistic 
movement. 

The ball and string device was forgot- 
ten and its 
latest appearance in our own century as 
The claim went forth 


resurrected several times, 
a ‘‘sex-detector.’’ 
(1845) than the table 


turning episode, appeared the claims of Baron 


1 Somewhat earlier 


Reichenbach, a distinguished chemist, to the 
discovery of another new foree which he named 
‘*Od,’’ which likewise was found to have posi- 
tive and negative qualities and to behave dif- 
ferently for different metals, etc. Here the 
error resulted from trusting the reports of 
‘* sensitives,’’ mostly hysterical subjects follow- 
ing through suggestion the leads of Reichen- 


bach’s prepossessions. There is no record of 


Chevreul’s interest in the episode of ‘‘Od.’’ 
The details of these ‘‘ aberrant beliefs’’ will be 
found in my ‘‘ Wish and Wisdom,’’ 1935. 
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that in the hands of a man or when held 
over anything masculine, the ball would 
swing to and fro; and when held by a 
woman or over a feminine article, it 
would swing in a cirele. It all occurs in 
accord with the principle that Chevreul 
enunciated. 

The public agitation aroused by turn- 
ing and communicating tables was far 
more wide-spread than that of any simi- 
lar movement; it touched upon the vital 
issue of survival and the personal emo- 
tions of contact with the departed. The 
wave of spiritualistic seances rose even 
higher in England than in France, and 
there brought forward another distin- 
guished champion of rational belief in 
the person of Michael Faraday. So two 
great leaders accepted the social obliga- 
tion of science to correct faise views and 
allay agitation. Faraday came to the 
same conclusion as Chevreul, that the 
table moved through the involuntary 
movements of the ‘‘sitters’’ and ex- 
pressed their knowledge and _ wishes. 
Faraday reduced the matter to a test by 
a simple device consisting of two small 
boards with glass rollers between them, 
which was sensitive enough to indicate 
the slight involuntary movements of the 
hands of the ‘‘table turners.’’ 

Faraday mentions that he called on 
Chevreul at his laboratory in 1812 and 
again in 1845, but their interests were 
diverse. Chevreul had before him Fara- 
day’s report in the London Times (June 
30 to July 2, 1853). Both distinguished 
scientists regarded it as an interruption 
to their scientific labors to devote time 
to correcting popular opinion; but the 
occupation was far more congenial to 
Chevreul than to Faraday. In his book, 
Chevreul gives an account of the origin 


of Spiritualism in New York State, and 
comments on the fact that mediums or 
their controls are ‘‘not always moral or 
polite or in good taste in their language,’ 
and depart from truth in their predie- 
tions. Faraday was roundly denounced 
as a ‘‘materialist’’ by ‘‘spiritualists’’ 
generally, and by believers in ‘*‘ psychie’’ 
powers, including Mrs. Browning. As 
Robert Browning wrote the satirical 
‘*Sludge the Medium,’’ the two poets 
seemed to have been of different minds. 

Faraday was sorely troubled by the 
eredulous condition of the public mind. 
The sharp contrast of the two tempera- 
ments appears in a letter by Faraday 
complaining of the necessity of ‘‘turning 
the table on. the table-turners.’” He 
writes: ‘‘Consider my age (61) and my 
weariness, and the rapid way in which 
I am becoming more and more inert.’’ 
Faraday died in 1867; his memory had 
failed him completely. That an _ in- 
stance of remarkably early senescence 
and one of its extraordinary absence 
should have oeceurred in two distin- 
guished men brought together by a com- 
mon interest, gives an added touch of 
interest to this episode in one of the by- 
paths of psychology. Thus did a great 
chemist and a great physicist serve the 
cause of science by recognizing a psycho- 
logical principle. 

All these matters are familiar to-day, 
but were far from generally recognized 
in those seemingly distant days when the 
generations contemporary with Chevreul 

-for he overlapped several—were dem- 
onstrating the practical benefits con- 
ferred by science and the principles of 
right thinking which they fostered. In 
the line of this rationalistie tradition 
Michel-Eugéne Chevreul deserves a dis- 
tinguished place. 
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COLLECTING FOSSIL ALGAE OF THE 
CANADIAN ROCKIES 


By Dr. CARROLL LANE FENTON and MILDRED ADAMS FENTON 


WEST LIBERTY, IOWA 


LIKE all ranges of the Rocky Moun- 
tains, those in Banff and Yoho National 
Parks are young. Searcely 70,000,000 
years have passed since they appeared 
as low chains of hills above forests in 
which armored dinosaurs roamed. Many 
of their peaks took form within the last 
thousand centuries, receiving their final 
steepening touches less than 10,000 years 
If these figures still seem great, 
recall that the present Appalachians 
have passed the 200,000,000 year mark 
and still are by no means the world’s 


ago. 


oldest mountains. 

Despite their youth as highlands, the 
Rockies contain strata that 
are very old. Deposited in Proterozoic 
times, the age of the most ancient may 
be estimated at 650,000,000 years. Great 


Canadian 


thicknesses date from the early Paleozoic 
era, 400,000,000 to 540,000,000 years ago. 
Comparatively few were formed in the 
Mesozoie or ‘‘Age of Reptiles’’ and so 
are less than 200,000,000 years old. Most 
of these rise in rounded foothills or lie in 
valleys near Banff, forming no signifi- 
cant part of the mountains even along 
their front. 

The older rocks were formed during 
times when what now is western Canada 
lay beneath shallow seas. Those seas 
stretched southward from the Aretic 
Ocean, linking waters with others that 
advanced across central North America 
or crept northward from bays in Ari 
zona. Into those many rivers 
drained, bringing loads of sand, silt and 
dissolved minerals that sank and hard- 
ened into beds of stone. Through age 
after age sediments settled, till 


seas 


those 


407 


they formed vast thicknesses of rock in 
the sinking marine basin. 

Deposition was interrupted, of course 
little 


others there was a 


At some times waste came from 
land; at 
During several epochs the sea floor arose 
till the hardened 


exposed, to be worn by winds, rains and 


great deal 


muds and sands were 
streams. But time after time they sank 
again and were covered by new sedi 
ments. Not till the Mesozoic Era ended 
did uplift achieve dominance as tremen 
dous forces, pushing from the westward 
bent and raised the hardened rocks. Be 
folds, 
one another or broke into great 
When the earthquakes of 


fore that shove the strata formed 
slid over 
tilted blocks 
uplift ceased, those blocks formed ranges 
of mountains rising high above the 
plains. 

Those 


to Banff in 


mountains were what took us 


search of primitive fossil 


plants. Rocks containing them lay be 
neath the plains; but where mountain 
building had not exposed them, they 


were deeply covered by later strata. In 


the Rockies, ancient marine beds stood 
forth in cliffs, ridges and the walls of 
canyons. What if they were tipped 


awry, bent or crossed by those breaks 


known in geology as faults? They were 


out where they might be seen and 


reached—and good roads or trails, built 
for tourists, led to many of them 

While other visitors danced, golfed or 
admired the Banff view, we were busy 
with topographic maps. We sought ad 
vice from alpinists and guides, examined 
specimens in the park museum, and dis 
cussed routes with a warden who amazed 
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ALGAE AS THEY GREW 


THESE COLONIES BELONG TO A NEW GENUS AND SPECIES. 
AND DROPPED IN THE WIDE CORAL VALLEY. 


WHICH A GLACIER PLUCKED FROM A PEAK 


us by knowing what fossil algae were. 
He also urged us to keep wateh for liv- 
ing things. ‘‘There will be mountain 
sheep in that canyon and goats on most 
On the Pass, keep an 
they will do no 
harm but are worth seeing, and it’s great 
to watch one dig for squirrels. If you 
camp, watch out for wolverenes: some of 
"em live near Fossil Mountain. There’s 
grub cache so bad 


of those ridges. 


eye out for grizzlies; 


naught can wreck a 
as a hungry wolverene!’’ 

Our first finds were made near the 
highway, barely six miles from Banff. 
Passing with their un- 
kempt houses, we came to a salt lick 


beaver ponds 
prepared so that bus passengers might 
see mountain sheep. Four rams mounted 
a slope as we approached and watched 
while we struck out through the woods. 
The indistinct trail merged with a creek 
bed which became a channel filled with 


THEY LIE UPON HARDENED SEA MUDS 


olacier. 


made 


rocks dropped by a vanished 
Several showed deep 


when the ice forced them against other 


seratches 


sharp stones. 

Where the channel became a box can 
found filled with 
Each fossil was a biscuit-shaped 
four feet in 


yon we beds fossil 
plants. 
limestone one to 


height, probably built by several species 


mass of 


of jellylike red algae living in close asso- 
ciation. 
ited layers of the mineral calcite within 
their jelly. When growth was rapid the 
layers were thick; 
thin; 
breaks or partings were left 


As they grew these algae depos- 


when it was slow, they 


were when it almost stopped, 
between 
layers. Very probably, a layer and a 
break represent a year, for plant growth 
in ancient northern seas must have been 
helped by the long days of summer and 
retarded by winter, when days were short 


and the sun stood low. We looked for 
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THE ‘‘GIANT 


*S PAVEMENT’’ 
BEDS OF THE LARGE ALGAE CALLED Collenia (?) prolifica By WALCOTT. THEY LIE BARELY 


MILES FROM THE FAMOUS SKOKI CLIMBING AND SKI CAMP. 


definite seasonal layers in limestones con- 
taining the fossils, but failed to find 
them. The most we could discover was 
rocks in which complex carbon-stained 
bands seem to indicate periods of several 
years in which plant life was abundant, 
separated by intervals which it was 
searce. 

The Banff fossils looked much like 
some discovered years before by the late 
Dr. Charles D. Waleott, who spent many 
summers collecting in the Rockies. We 
might have gone direct to Waleott’s 
locality by trail, past mountains amaz- 
ingly tilted, bent and broken by uplift. 
It was simpler, however, to start from 
Lake Louise. Even there, it seemed that 
we should need a guide, pack string and 
camp outfit—all the troublesome essen- 
tials of collecting among mountains far 
from lodges or camps. 

A chat with a warden showed us to be 


wrong. ‘‘Need a pack outfit to reach 


Tilted Mountain? No! 
in Banff tell yon that Jim Boyce keeps 
his ski camp open all summer? Go up 


Didn’t any one 


when and as you please, with no worry 
about packs. Stay in one of Jim’s cab 
ins: the beds are good and so is the grub 
Collect as many days as you like, use 
horses if you wish, and let Jim pack your 
He'll leave em for you here 
I can do anything 


fossils out. 
at my cabin. And 
for you, just send word down by a 
guide.’’ 

Thus we found ourselves ‘‘camped’’ in 
a log lodge where dinner was served in 

packed thir 
greeted us at 


courses and strawberries 
teen miles on a cayuse 
breakfast. We also were able to answer 
critics who maintain that geology blinds 
one to other phases of nature and mars 
every fine scene. For four days we 
climbed and collected among alpine 
ranges where gray, buff and brick-red 
rocks were tilted into beautiful patterns. 
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THE RECORD OF ANCIENT FLOOD OR STORM 
PEBBLES AND MUD WERE MIXED TOGETHER IN THIS BRECCIA, PERHAPS 650,000,000 YEARS OLD. 




















SADDLING AND PACKING 
A GUIDE HAS COME FOR THE COLLECTORS AT THE END OF A DAY’S WORK NEAR PTARMIGAN AND 


PIKA PEAKS, A DOZEN MILES FROM LAKE LOUISE. 
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They lost none of their design because 
they appeared as limestones, dolomites 
and quartzites thrown into blocks by 
faulting. Peaks were not ships or 
castles, it is true, but they gained mean- 
ing as the results of structure, weather- 
ing and erosion. A folded and faulted 
ridge lost whatever poetry it may have 
possessed as the ‘‘giant’s washboard,’’ 
but it received its due of- glamor from a 
tale of hardening, compression, uplift 
and fracture running through 300,000,- 
OOO vears. 


‘“*giant’s pavement’’ that proved to be 
dolomite filled with masses of algae. 
Those algae, discovered and named by 
Walcott, did not grow in domes or reefs 
Instead, they covered the sea floor in 
banks, their colonies crowded so closely 
that they grew in odd, distorted columns. 
Little mud was able to settle between 
them, but there was even less in the water 
covering the massive plants. Many of 
the colonies surround e¢avities that still 
are but partly filled with 
though they must have remained open 


sediment, 
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TRACES OF ANCIENT LIFE 


Left: ‘* NULLIPORE’’ ALGAE—PART OF A SLAB IN 


MATRIX OF HARDENED LIME MUD. Right: 


Fossit SNAIL TRAILS 


WHICH SMALL, BRANCHING FOSSILS LIE IN A 
TRAILS MADE BY SNAILS THAT 


CRAWLED AND FED ON CAMBRIAN SANDS 540,000,000 YEARS AGO. 


‘‘Other phases of nature’’ would not 
be ignored. Structure of fault blocks 
explained varied 
strata accounted for waterfalls, and the 
melting of a glacier provided 
hoary marmots with homes. Ptarmigan 
chuckled while we examined a conglom- 
erate and a mountain goat stopped to 
watch as we measured beds of micaceous 
shale. A mule deer met us on the 


groves of larehes, 


small 


for years before algal growth covered 
them. 

Though clear and free from coarse 
mud, water on the algal banks was shal 
low. Where plants did not protect the 
bottom, small waves were able to reach 
it and pile up ripple marks. In other 
places currents dug channels only a few 
inches wide. In many spots and times, 
storms broke up the half-hardened sea 
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floor and turned it into mud and pebbles. 
For a while these were tossed and rolled 
about; then the waters quieted and they 
sank to form beds of mud and flat peb- 
bles. Some of these fill spaces between 
algae, while a few, in very ancient rocks, 
contain rolled bits and pebbles of algae 
broken and worn by storms. 

Such rocks, called edgewise breccias 
or conglomerates, are common among 











floors bare as steaming sand or mud flats. 
The Canadian sea was not so shallow, 
but it plainly was not very deep. Many 
strata gave evidence of shoals, while 
others formed in Jater seas showed kin- 
dred structures. Not one bed suggested 
deposition in water of great depth. 
Like many shallow-sea deposits, these 
were rich in fossils. In one limestone we 
eame upon true reefs, though they did 











FOLDS OR FOSSILS? 
LAYERS SO COARSE AND SO THOROUGHLY CRYSTALLIZED THAT THEIR NATURE CAN NOT BE DEFINITELY 


DETER MINED. 


formations containing algae, as well as 
in many others. With or near them are 
mud eracks, ripple marks, current chan- 
nels, rain prints and other traces that 
mark shoals or mud flats. Even when 
doubtful cases are omitted, they seem to 
prove that many ancient seas were shal- 
lower than the majority of modern lakes. 
Over hundreds, even thousands, of 
square miles they were less than thirty 
feet deep. Some contained so little 
water that each dry season laid their 


not reach three feet in thickness. A 
slope provided many corals, broken by 
glaciers from strata exposed on the high 
slopes of Fossil Mountain. Blocks of 
gray limestone near a pass were filled by 
round balls called pisolites. They gave 
promise, at least, of being algal; so we 
took all the specimens we could carry in 
comfort. Why shouldn’t we when the 
eabin and our cache were barely a mile 
away? 

We planned to walk that mile in haste ; 
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UPLIFTED MARINE BEDS 
THESE CLIFFS OF LIMESTONE AND DOLOMITE BEGAN EXISTENCE AS LAYERS OF MUD IN A SEA THAT 
STRETCHED SOUTHWARD FROM THE ARCTIC OCEAN. 

















A BANK OF LARGE ALGAE 
HERE HUGE COLONIES OF LIMY RED ALGAE GREW SO CLOSELY TOGETHER THAT THEY FORMED BEDS OF 
ROCK, EVEN WHILE THEY STILL WERE ALIVE. 











504 THE SCIENTIFIC MONTHLY 


instead, we stopped long beside a slab 
It had been 
by a 


lying near a small creek. 
plucked, carried and dropped 
glacier melting as it moved toward the 
Bow Valley. Throughout these adven- 
tures, it preserved two dozen biscuit- 
shaped masses of algae belonging to a 
They dotted the 
upper surface of the rock, lying as they 


new genus and species. 


onee grew on the muds of a Cambrian 
sea floor. Again camera, notebook and 
tape were used; then a chisel pried off 
specimens that filled both knapsack and 
arms. That last mile to the cabin was 
not made quickly, and many sighs of 
relief were heard as those algae joined 
the lot pack-horse and 
packer. 

After Lake Louise came Yoho Park, 
whose fossils have made it famous even 
where its unknown. Dr. 
Walcott found excellent animal remains 


waiting for 


scenery is 


at Ross Lake, but made no mention of 
We were lucky enough to find 
one the shape and size of 


algae. 
three types: 
pigeon eggs, another so massive it almost 
made reefs, and a third that consisted 
of countless branches tangled into dolo- 
mite slabs. They suggested the modern 
‘‘nullipore’’ algae, whose remains be- 
come indistinct a short time after they 
die. Other ‘‘nullipores’’ form rocks in 
the Big Horn and Teton 
Wyoming, where they look like mere 
coarse-grained versions of the strata in 


ranges of 


cliffs above Ross Lake. 

Mountains a few miles away provided 
other egg-shaped algae, buried in sedi- 
ment that was a mixture of dolomite and 
sharp-edged sand grains. The dolomite 
was precipitated from clear water; the 
sand may have been blown out to sea 
from arid lands bordering the Cambrian 


shoals. 

















A PAUSE ON A PASS 


THE FOSSIL HUNTER IN CANADA’S ROCKIES FINDS HIMSELF IN PLACES OF SCENIC BEAUTY AND 


BIOLOGIC INTEREST. 


HERE IS HIGH ALPINE CQUNTRY 


AT AN ELEVATION OF BARELY 8,200 FEET. 
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WALCOTT’S BURGESS SHALE QUARRY 
AUTHORS ARE COLLECTING FOSSILS OF PLUME-LIKE ALGAE FROM SLABS DISCARDED BY EARLIER 


WORKERS. 


Sandstones of greater age contained 
no algae, but they did bear the filled 
trails and burrows of bottom-dwelling 
animals. made by 
snails as they crawled and fed on the 
soft bottom. We could trace 
pushed up and pressed by shells, furrows 


Some trails were 


ridges 


dug by wide, soft feet, and cross wrinkles 
built as the muscles in those feet con- 
tracted. Mud and mica grains in the 
sands made them so plastic that the 
trails were preserved long after the snails 
vanished. 

Many burrows probably were the work 
of annelids, but a few, marked by criss 
cross lines, plainly were the work of 
trilobites—ancient and remote cousins of 
the king crab. Whether they dug for 
food or to lay eggs is not certain; per- 
haps shallow burrows are food holes and 
deep ones are nests sunk into specially 
plastic sand. Trilobite ‘‘tests,’’ like the 
shells of snails, were lacking. Both were 


dissolved by carbon dioxide in the dark, 
muddy sand. 

Our next 
Shale quarry, 


Burgess 
half 


have 


objective was the 
where, in strata a 
billion years old, amazing fossils 
been found. The shale was discovered 
by Dr. Walcott in 1909 when he stopped 
to push a stone from the trail. Striking 
it with his pick (nicknamed Jonah), he 
split off a few black slabs. On them were 


remains of infant trilobites and round 
lamp-shells or brachiopods, preserved in 
shining films of carbon. Search located 
the ledge bloek had 
come, on a ridge between Mounts Field 


and Wapta 


firs far below, a quarry was 


whence the loose 
Camp was pitched among 
pened, and 
thousands of fossils were taken out. For 
many summers Dr. Walcott and his aides 
their 
among the chief 
National Museum. 

With 


returned, collections now being 


treasures of the U. S. 


binoculars we saw the quarry 
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from the chalet beside Emerald Lake. 
The trail to it was very steep, so we chose 
a longer but easier one climbing from the 
Yoho Valley. On the way, we paused to 
pick whortleberries, to watch a moose 
and to photograph ptarmigan chicks. 
Rocks lay near the trail on Yoho Pass, 
their bluish strata formed by branching 
coralline buried in dolomite. 
Specimens were selected and cached near 
a fir tree, to be picked up on the return 
trail. 

At the quarry we set to work on slabs 
thrown aside by Walcott’s 
The frosts of a dozen years had split 


algae 


colleetors. 


them, revealing shells, trilobites and even 
More interesting to us 
were silky, carbonized filaments of green 
seaweeds that covered some surfaces. 
With them were fronds that seemed to be 
relatives of the laminarian seaweeds now 


glass sponges. 




















UPTURNED STRATA 
RocKsS ALONG THE KICKING Horse RIVER SHOW 


HOW INTENSELY ANCIENT SEA BOTTOMS WERE 
BROKEN AND TILTED WHILE THE RocKy MOUN 
TAINS WERE RISING. 3 





THE SCIENTIFIC MONTHLY 


found on many shores. Though there was 
no hint of shore lines on Mounts Field 
or Wapta, the strata did agree with 
others in giving evidence of shallows not 
far from the one-time Burgess Pool. 

A trail through the Yoho Valley itself 
led to still other ledges of the supposed 
eoralline algae. Then it 
lakes, crossed a glacial creek, and in steep 
switchbacks climbed a ridge descrip- 
tively called the Whaleback. On its 
shoulder we paused to admire a maze of 


passed two 


deep valleys, horn peaks and glaciers 
clinging to the faces of cliffs. Then we 
turned to algae as big as those in the 
eanyon near Banff and from them to 
biseuit-shaped forms that would make 
still another They may 
have lived in deeper water than the 
others, for beds among them showed rip- 
ple marks so large that we could pick 


new species. 


them out on mountain sides more than 
a half mile away. 
Work in the Yoho showed 


array of data are needed if fossils are 


what an 


to reconstruct life during: remote ages. 
Good specimens are far from enough; 
they must be accompanied by descrip- 
tions and rock 
samples for sectioning, plus photographs 
and annotated dealing with 
sedimentary structures. A single fossil 
often required a half-dozen rock samples, 
three or four negatives and as many 
pages of With so much to do, 
We called two miles 
per hour excellent speed on all but 
thickly wooded routes where few rocks 
eould be found. 

Our trips also showed how readily 


measurements of beds, 


sketches 


notes. 


progress was slow. 


geology may be enjoyed by travelers 
equipped and willing to see it. Our 
companions on one day were physicists: 
they discovered some excellent fossils and 
wrestled with problems involving con- 
eretions. A sehool girl was with us at 
Yoho Glacier, where she learned what 
meant. Two bell- 
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YOHO GLACIER 


ONE OF THE MANY GLACIERS THAT STILL CARRY 


BLOCKS OF FOSSIL-BEARING LIMESTON]! OP 


WHERE COLLECTORS CAN REACH THEM. 


hops on leave visited strata so complexly 
folded and broken by faults that their 
proper sequence still is uncertain, and 
an attorney respect for 
moraines while we looked for slabs of 


gained new 


coralline algae small enough to go into 
knapsacks. He also marveled at our will- 
ingness to put stones in those packs, 
though miles of trail stretched before us. 
When geology meant such loads as those, 
how could we come to the mountains for 
pleasure ? 

Mid-August found us in the Valley of 
Ten Peaks, a few miles south of Lake 
Louise. In the party were our two 
physicist friends. Having walked 
through much of Yoho and Banff parks, 
they were ready to see more of fossils. 

We took the trail one chill morning as 
clouds whirled about Wenkchemna Peak. 
For a thousand feet we climbed by 
switchbacks; then the trail entered a 


wide valley where larches already were 
turning yellow. It led to the bowl where 

a basin the geologist 
but that 
valley. At the 
bottom lay a blue tarn whose bed had 


a elacier once rose 


terms a cirque, prospectors 


know as a ‘‘half-kettle’’ 


been dug in hard sandstone as ice ground 

and shoved its way down the valley. 
Fossils were present, though not com 

mon. Sandstone ledges hel 


ably built by the worm-like creatures 


tubes prob 
called phoronids Other ledges contained 
trilobite showing 
where they had dug for food. At Senti 
found blocks of the eg 


tracks, but no pits 


y 


nel Pass we 


shaped algae, though slopes were too 
steep to permit climbing to the brown 
We con 


tented ourselves with a few talus speci 


strata from which they came 


mens and then used binoculars to distin- 
guish the larger rock groups making up 
the precipitous mountains. 








508 THE SCIENTIFIC MONTHLY 














FOUR OF THE GLACIER-CARVED TEN PEAKS 
THEY ALMOST SURROUND A VALLEY NEAR LAKE LOUISE. BEDS OF EGG-SHAPED ALGAE LIE IN THEIR 


HIGH CRAGS, BUT SPECIMENS MUST BE SOUGHT IN DRIFT AND TALUS. 


By a camp fire that night we discussed 
our finds. Our friends had specimens 
that defied purely physical explanation, 
though it had been suggested for fossil 
algae far more plantlike than those. 
They also possessed negatives that re- 
corded rare views of glaciers, peaks and 
red-walled canyons descending to milky 
glacial streams. For us there were sec- 


tions, notes on rocks too large for colleet- 
ing and small slabs showing that egg- 
shaped algae grew widely in one Cam- 
brian sea. For all, there were memories 
that would last, glimpses of beauty to be 
considered and problems that would call 
for solution long after we should leave 
the mountains and return to our low- 
land, workaday homes. 
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THE ANNUAL EXHIBITION REPRESENTING 
RESEARCH ACTIVITIES OF CARNEGIE 
INSTITUTION 


By THE EXHIBITION COMMITTEE 


CARNEGIE INSTITUTION OF WASHINGTON 


ACTIVE interest in the current progress 
and development of scientific knowledge 
and a clear desire to appreciate the sig- 
nificance of these advances, especially in 
respect to what may be termed their 
human aspects, has been increasingly 
demonstrated by the intelligent public 
during the past fifteen years. Scientific 
investigators and teachers who are the 
readers of the Screntiric MONTHLY are 
being called upon with increasing fre- 
quency for expositions of their subjects 
which are suited to this general audience, 
and a description of the proceedure which 
has been developed by the Carnegie In- 
stitution of Washington for the annual 
presentation to a non-technical audience 
of some of the latest developments in the 
program of the Institution may be useful 
to others in meeting a similar problem. 

The Carnegie Institution, as is well 
known, is a research organization en- 
dowed by Andrew 
activities cover a wide field, with labora- 


Carnegie, and its 


tories in various parts of the United 
States, with field investigations in every 
part of the world and with members of 
university staffs here and abroad as re- 
search associates. The Institution has 
three major departments in the physical 
Mt. Wilson Observatory, and 
the Geophysical Laboratory and _ the 
Department of Terrestrial Magnetism in 
Washington. The Division of Animal 
Biology includes the Department of 
Embryology in Baltimore, the Nutrition 
Laboratory in Boston and the Depart- 
ment of Genetics at Cold Spring Harbor, 
Island. The Division of Plant 


sciences 


Long 


Biology has field stations and labora- 
tories in many locations in the West. 
The Division of 


spends a major part of its efforts in 


Historical Research 
archeological studies of the Early Ameri 
ean (Indian) culture 

This wide geographical distribution of 
activities is a factor of importance in 


assembling an exhibition of current re 


search results. The trustees of the Insti 
tution hold their annual meeting at the 
Institution’s Administration Building in 
Washington in December, and for many 
years it has been the custom of the presi 
dent to arrange at that time a series of 
exhibits showing a selected group of 
recent developments in the Institution’s 
researches For three days after the 
trustees’ meeting these exhibits are open 
to the general public. One of the pri 
mary factors which lends importance to 
these exhibits is the fact that the inves 
tigators who actually carried out the 
researches which are exhibited are also 
there in person to demonstrate or explain 
them and to give an opportunity to visi 
tors for a close personal association with 
the work which can be achieved in no 
other way. The occasion of these exhib 
its has served as an opportunity to bring 
together each year some of the members 
of the research staff, and thus it has been 
possible to minimize the disadvantages 
inherent to the seattered geographical 
location of the departments 

The exhibits are organized by a com 
mittee which is appointed from year to 
This committee functions mainly 
It helps in the 


year. 
as a coordinating agent. 


A ") 
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selection of problems to be exhibited; it 
handles routine arrangements in regard 
to the physical facilities ; and it is respon- 
sible for supervision of the concise state- 
ments prepared by the investigators for 
the descriptive pamphlet which is issued 
every year. Exhibits are prepared by 
the members of the research staff whose 
problems are shown. The exhibits mate- 
rial is brought to Washington from the 
various laboratories and is assembled 
there. 

On the last day of the exhibition the 
committee and the exhibitors hold a 
meeting at which, among other matters, 
suggestions as to the improvement of the 
exhibits are discussed. At these meetings 
the question is frequently raised as to 
whether the exhibits should be arranged 
and labeled so as to be self-explanatory 
or whether they should require a demon- 
strator. No general decision or agree- 
ment on this question has been reached. 
Since these exhibits represent individual 
research projects and are prepared by 
men who did the work and who in many 
instances are leaders in their respective 
fields, a certain degree of freedom in the 
choice of method of presentation is found 
to produce the best results. Each exhibit 
expresses the individuality of its author 
not only in respect to the problem but in 
respect to the presentation as well. This 
intimate relation between the exhibit and 
the men who did the research is the most 
valuable and unique feature of the Car- 
negie Institution exhibits. Not only are 
these exhibits prepared by the various 
investigators themselves, but, as men- 
tioned above, these men are always on 
hand either to demonstrate their exhibits 
or to answer the questions of the visitors. 

A series of seven or eight lectures, each 
twenty minutes in length, is arranged for 
the lecture hall during the three days. 
This gives each exhibitor an opportunity 
for a more connected and detailed presen- 
tation of his work to an audience which 
expresses its interest in his particular 


subject by attending at the time indi- 
eated. These concise and authoritative 
statements are very carefully prepared 
and later published, bringing to a wider 
public in a permanent form the essence 
of the temporary presentation of the 
work which the exhibit constitutes. 

A short description will be given here 
of the eleven exhibits shown last Decem- 
ber. This description follows closely the 
statements prepared by the exhibitors 
and published in a 56-page pamphlet 
distributed among the visitors. 


THE Present-Day Maya INDIANS 

or YUCATAN 

A broad historical project relating to 
the development of the Maya civilization 
comprises an important part of the Insti- 
tution’s program. Archeological inves 
tigations in Yucatan and Guatemala are 
supplemented by documentary, environ- 
mental, biological and sociological studies 
relating to the evolution of the Maya 
eulture. This project constitutes the 
major part of the activity of the Division 
of Historical Research and is carried on 
in cooperation with several other depart- 
ments of the Institution, as well as with 
a number of research associates located 
at several universities. 

The exhibit on ‘‘The present-day Maya 
Indians of Yucatan,’’ which was pre- 
pared by Dr. Morris Steggerda, of the 
Department of Genetics, showed the re- 
sults of a study in which the Department 
of Genetics, the Division of Historical 
Research and the Nutrition Laboratory 
took part. It has been found that the 
Maya possess a uniquely high metabolic 
rate combined with a low pulse rate. 
This unusual condition may be innate, in 
which case it becomes a useful criterion 
of race; or it may be caused by environ- 
mental factors such as climate, clothing 
and food. A detailed study of the prin- 
cipal foods of the population in the vil- 
lage of Piste, Yucatan, reveals that corn 
(maize) forms 75 to 85 per cent. of the 
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FIG. 1. 


THE 
SAMPLES 


PHOTOGRAPHS ILLUSTRATING THI 


diet of the Maya; meat forms 10 to 15 
per cent. and vegetables 5 to 10 per cent 
This high earbohydrate diet could not 
produce the conditions necessary to raise 
the basal metabolism ; hence the solution 
of this problem must be sought elsewhere, 
either in the environment or in heredity. 
In winter the temperature in Yucatan 


often ranges from 50° to 100° Fahren 
heit. In spite of this extreme variation 
the Maya live in houses loosely con- 


structed of poles and thatch, wear very 
meager cotton clothing and sleep in ham 
How this con 
dition affects the metabolism is still to be 


mocks with no blankets. 


determined. 

The exhibit consisted of three panels: 
the 
one very 


one showing results of metabolism 


measurements ; large one show 
ing samples and models of various foods, 
samples and descriptions of actual meals 
and photographs illustrating the daily 
life of the Maya (Fig. 1); and the third 
panel gave a family chart and a few items 
on vital statistics. Lantern slides in a 
Balopticon illustrated farming practices 
and daily life of the people. 
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THE YUCATAN MAYA 
AND DESCRIPTIONS OF ACTUAI 

LIFE OF THE MAYA INDIANS OF TO-DA 
ARCHEOLOGY OF THE GUATEMALAN 


HIGHLANDS 


The geographical location fr the 
Highlands of Guatemala is such that they 
probably have served as a contact plac: 
for the various aboriginal groups 
Middle America. This locality 
fore, is of great importance for a stor 


eal study of the relations betwee 


Maya and other Indian groups, a prob 
lem in which the Carnegie Ins 
Washington is deeply interes 
results of last winter’s excavat work 
in that locality were shown by the De 
partment of Historical Researe 

In the immediate vicinity Guat 
mala City there is an assemblage of ove 


a hundred large mounds named Kamina 
Dead,’ 


the ceremonial center of what 


juyu or ‘‘Hills of the 


marking 


“ 


must 
been a very populous community 
of these mounds was cut last winte 
make way for a football field 
wall was thus laid bare, and this gave the 
first that 
might be made by 


hint important disc 
excavations in that 


region. Subsequent work revealed 
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the mound is the remains of a rubble 
pyramid, the substructure of a temple 
which has entirely disappeared. Further 
digging disclosed within it, excellently 
preserved, the stueccoed walls of a smaller, 
older pyramid, which in turn covered a 
still smaller one. At the end of the sea- 
son the side of the fourth pyramid was 
encountered. A series of tombs lying 
below and to the east of the superim- 
posed pyramids suggests that funerary 
eustoms may have been involved in the 
erection of the successive increments of 
the complex. 

The graves are vertical shafts, twelve 
to sixteen feet square by fourteen to six- 
teen feet deep. In each was found a 
skeleton of a male whose body, loaded 
with ornaments of jade, shell, iron 
pyrites and mica, had been placed, sitting 
cross-legged, in the middle of the floor. 
About the principal skeleton were piled 
offerings of pottery; and in the corners 
along the sides of the vault lay other 
skeletons without ornaments, doubtless 
slaves sacrificed at the time of interment. 
Three tombs were cleared. Each shaft 
could be correlated with one of the three 
outer pyramids. It appears, therefore, 
that on the death of a person of impor- 
tance, presumably a high-priest or a 
ruler, the temple of the cult with which 
he had been associated was dismantled 
and a new and larger shrine was built. 

Some of the vases and effigies are al- 
lied to pieces recovered by the Institution 
from Maya tombs at Uaxactun, Guate- 
mala; while others bear strong resem- 
blance to pottery from the ruined city of 
Teotihuacan in central Mexico. 

The exhibit consisted of photographs 
of the site in the Kaminal-juyu region, 
of full-sized pottery in 
original colors and of models of pottery. 


paintings of 


PINOCYTOSIS—THE DRINKING OF 
FLuIps BY CELLS 


This new term, signifying the drinking 
by cells of globules of the fluid which 


bathes them, corresponds to the term 
phagocytosis, eating by cells of solid and 
semi-solid particles. This new process 
was discovered by Dr. Warren H. Lewis, 
of the Department of Embryology, Bal- 
timore, while he was studying the motion 
pictures of macrophages, the highly mo- 
bile blood cells which live in the tissues. 
Pinoeytosis became apparent when the 
motion pictures were viewed at the cus- 
tomary speed, about 50 times the rate at 
which they were taken. 
Pinocytosis is earried on by 
pseudopodia which 
there from the cell and undergo a con- 
The ruffles are ex 


ruffle 
project here and 


tinual wavy motion. 
ceedingly thin sheets of protoplasm 
thrust out from various regions of the 
eell. They are not permanent organs but 
appear and disappear constantly. As the 
ruffles wave about in the fluid medium 
which bathes them, they may entrap a 
little of the surrounding fluid and, by 
complete fusion of a portion of the ruffle 
about the fluid, convert it into an en- 
closed globule which is thus brought in- 
side the cell. When the enclosed globule 
reaches the central part of the cell, it is 
rapidly digested. 

The drinking by the macrophages cul- 
tivated outside continues 
steadily hour after hour over a period of 
several days, and they may drink many 
times their volume of fluid in the course 
of a day. 
mittent and 
appears to take place. 

Pinocytosis has been observed only in 
cells cultivated outside the body and only 


sometimes 


Sometimes pinocytosis is inter- 


frequently no drinking 


on’ two types of normal cells: macro- 
phages and, rarely, the fibroblast. Cer- 
tain types of malignant sarcoma cells, 
however, show lively ruffle pseudopodia 
and active pinocytosis. 

At this exhibit a motion picture was 
run at frequent intervals, accompanied 
by a short lecture. Under the microscope 
were shown living macrophages and can- 
cer cells undergoing pinocytosis, and this 
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same process was shown on enlarged 
photo-transparencies. 


Tue Marcu or Forests IN RESPONSE 
TO CHANGING CLIMATE 

An exhibit dealing with this topic was 
prepared by Dr. Ralph W. Chaney, re- 
search associate of the Carnegie Institu- 
tion and chairman of the Department of 
Paleontology of the University of Cali- 
fornia. Fossils from the United States, 
Northern Canada, Alaska, Siberia, China 
and Greenland show that during the 
Eocene period identical forest vegetation 
covered that whole section of the earth. 
During that period in regions now too 
eold to permit the growth of such trees, 
there lived redwood, beech, elm, ginkgo, 
magnolia and oak trees, all of whose mod- 
ern descendants now live in lower lati- 
tudes where the climate is relatively 
mild. Not only did temperate forests of 
redwood and oak extend far north of the 
present tree line, but trees now character- 
istic of the tropics have been recorded 
from Eocene rocks of middle latitudes in 
the United States. The fig, avocado, 
bread-fruit and tree fern suggest a past 
climate in Tennessee and Oregon like 
that now found in Mexico and Central 
America. Heavy rainfall and an ab- 
sence of frost must have contributed to 
the existence of such subtropical and 
tropical plants in these now temperate 
regions. 

In the western United States, forests 
of the Miocene age were so much like 
those in higher latitudes during the pre- 
ceding Eocene period as to indicate that 
most of their elements came down from 
the north. In the course of this journey 
they appear to have changed in many 
minor respects, but they still retained the 
redwood as a conspicuous member, to- 
gether with other broad-leafed 
which were present in the older forests 
of Alaska. Though not definitely known, 
it is probable that east of the Rockies and 
north of Virginia there may have been 


trees 


a redwood forest similar to that of the 
Miocene period in Oregon 

The changing climate, resulting in 
plant migration southward from high to 
middle latitudes, may have been due in 
large part to the gradual rebuilding of 
North America and the rise of mountain 
The Caseades 


appear not to have been sufficiently high 


ranges along the Pacific. 


in early Miocene times to shut off rain 


bearing winds from eastern Oregon 
Since the Miocene period, further moun 
tain uplift has made eastern Oregon a 
semi-arid plateau in which no trees may 
grow except in the most favorable loeali 
ties. The 


eliminated and has survived only along 


redwood has been entire \ 


the Pacific border, where summer fogs 
combined with winter rains, provide a 
habitat sufficiently moist for this exact 
ing tree 

The decrease in summer rainfa n 
western America has increased the num 
ber of trees with thick evergreen leaves 
and has reduced the representation 
broad-leafed deciduous types. In such 
manner the forests of the eastern and 
western part of the United States, while 
arising at the same source and originally 
of the same composition, have come to 
bear distinetive characteristics 

The exhibit consisted of a eollectior 
of fossil leaves of fourteen species ol 
trees. Next to each fossil leaf a modern 
leaf was placed showing clearly how lit 


; ‘ ‘ 


tle evolutionary change most of these 
species had undergone during 
of more than thirty million years A 
four- to twelve-minute lecture, illus 
trated with lantern slides projected on 
maps showing the distribution of forests 
at different periods, was given at fre 
quent intervals. 


PROTECTION AND USE OF A PRIMITIVI 
NATURAL AREA AT Pornt Logos. 
CALIFORNIA 


The only remaining grove of Monterey 


cypress trees existing under primitive 
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FIG. 2. AN ELECTRICALLY OPERATED PANEL 


STRATING THE RADIO-ECHO METHOD OIF 


RECORDING THE ELECTRICAL STATE O 


IONOSPHERE. 


conditions is standing on a beautiful 
headland of the California coast near 
Monterey. In attempting to preserve 
this Point Lobos eypress grove it was 
necessary to have information regarding 
the contents of the grove and its environ 
ment. Exhaustive studies were made of 
the trees, all associated plants and ani 
mals, the soil, the rocks, the climate and 
the history of the region Results of this 
study have been made the basis of the 
administration of the Point Lobos Re 
serve by the State of California. 

The exhibit, prepared by N. B. Drury, 
of San Francisco, and Dr. R. W. Chaney, 
of the University of California, consisted 


of air photographs of the point, phot: 
graphs of the groves and maps of the 


area. 


Recent CAVE EXPLORATIONS IN 
THE SOUTHWEST 

Caves have served as shelters for early 
man in America, and cavern deposits 
frequently contain evidence of man’s 
occupancy. Remains of his fires, cul- 
tural objects and even skeletal parts 
make eave sites of special interest to the 
archeologist seeking to trace the history 
of man. 

Specific sites containing evidence of 


man, animals and plants dating back in 





\ 
whi 
pro 
rial 
Wh 
tive 
eoll 


basi 








«iam 


MEM. 


RS SN I a cla RE 


RESEARCH ACTIVITIES OF CARNEGIE 


time perhaps as much as 10,000 years are 
Shelter Cave, New Mexico, and Gypsum 
Cave, Nevada. In addition to facts bear- 
ing on the early history of man, a pre- 
vailing dry climate has brought about in 
some instances the preservation of the 
perishable parts of extinct animals not 
generally found in a fossil or subfossil 
record. 

Explorations conducted in the lower 
Grand Canyon of Arizona under the 
Park Service 
have brought to light caves containing 


auspices of the National 


a remarkably well-preserved record of 
animal remains and in at least one in- 
stance an early Pueblo culture. The 
extinet ground sloth (Nothrotherium) is 
represented in the cavern accumulation 
not only by skull and skeletal parts, but 
also by dung, hide, hair, dried tissues 
and ligaments. Similarly preserved re- 
mains representing hoofed mammals and 
including apparently an extinct species 
of mountain goat (Oreamnos) have also 
been found. The occurrence has many 
points of similarity to the Gypsum Cave. 

The exhibit prepared by Dr. Chester 
Stoek, 
tion and professor of paleontology at the 
California Institute of Technology, 
showed skulls and skeletal parts, hide, 
hair and dung of various animals found 
in Rampart and Muav Caves in the lower 
Grand Canyon, in Smith Creek Cave and 
Gypsum Cave, Nevada, and Shelter Cave, 
New Mexico. 
definite evidence of contact with heat or 


research associate of the Institu- 


Some specimens showed 
fire. 


New Factors In ANIMAL 
METABOLISM 

Metabolism signifies chemical changes 
proceeding continually in living cells, by 
which the energy is provided for the vital 
processes and activities, and new mate- 
rial is assimilated to repair the waste. 
When the body is relaxed and not ae- 
tively digesting or absorbing food, the 
collective activity of the cells represents 
basal metabolism. 
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A long series of experiments revealed 
a significant difference in basal metabo 
lism between different types of cattle and 
horses, types in which special functions 
had been developed to a high degree by 
selective breeding The beef-eattle ty pe, 
an energy conserver, has a low metabo 
lism, while the dairy-cattle type, an 
energy secreter, has a high basal metabo 
lism. Similarly, the draft horse has a 
low metabolism, while the race horse has 
a high metabolism 


acto! re 


In addition to the genetic 
sponsible for the difference in metabolism 
another factor has been found. Experi 
ments with cows indicated that the basal 
metabolism is highest in the spring the 
percentage for different individuals 
ranging from 3 to 68 per cent. It is 
probably a significant fact that this sea 
sonal effect, which appears to be inde 
pendent of food intake, represents the 
highest general tissue stimulation during 
the period of longest and most intense 
sunlight. This contradicts the concep 
tion heretofore accepted that basal heat 
production is conditioned by the rate of 
heat loss 

The exhibit was prepared by Professor 
E. G. Ritzman, research associate of the 
Institution and a staff member of the 
Experi 


New Hampshire Agricultural 


ment Station. It represents cooperative 


work with Dr. F. G. Benedict, of the 


Institution’s Nutrition 
The exhibit consisted of charts 


Laboratory at 
Boston. 


with photographs of types of cattle and 


horses used in the experiments; data 
showing the number of calories used by 
these animals for different purposes; 
basal metabolism data; data on the in 
fluence of environment on metabolism ; 
and photographs of apparatus used in 


the experiments. 


EXPLORATION OF THE EartH’s Hicu 
ATMOSPHERE WITH RapIo 
WAVES 
Rapid changes in the earth’s mag- 
netism, severe difficulties in long-range 
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FIG. 3. A PHOTO-ELECTRIC PHOTOMETER 
USED AT MT. WILSON OBSERVATORY FOR MEASUREMENTS OF ABSORBING MATERIAL IN SPACE. 


radio transmission and effects observed 
in other branches of science arise in the 
outer region of the earth’s atmosphere, 
which extends from 40 to 400 miles. 
They arise because of important physical 
and photochemical reactions in the upper 
atmosphere produced by conditions on 
the sun. 

To understand the nature of the rela- 
tionship between the solar causes and the 
consequent terrestrial manifestations, 
knowledge of the outer atmosphere is 
essential. With this problem in view, the 
Department of Terrestrial Magnetism at 
Washington has developed an apparatus 
which automatically 
records the electrical state of the upper 
atmosphere throughout its extent. 

When a wave of certain radio fre- 
queney is transmitted upward it is re- 
flected in the upper atmosphere only 
when it reaches a region having a defi- 


continuously and 


nite density of ions. 
for the waves to travel upwards and to 


The time involved” 


return to the ground is a few ten 
thousandths of a second. The new appa- 
ratus automatically 
pulses of radio waves and registers their 


sends out short 


while the radio frequency is 
changed during a period of fifteen min- 
utes from about 500 to 16,000 kiloeveles 


echoes, 


per second. This procedure is repeated 
throughout the twenty-four hours of the 
day, so that changes in amount and dis- 
tribution of ionization with respect to 
height can be continually measured. 
The exhibit prepared by Drs. L. V. 
Berkner and H. W. Wells consisted of 
the actual apparatus and an electrically 
operated panel illustrating the principles 


of its operation (Fig. 2 


ABSORBING MATERIAL IN SPACE 
The universe as now known is a vast 
space approximately a billion light-years 
in diameter, in which galaxies are, on the 
whole, uniformly distributed. The gal- 
axies are in general separated from each 
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other by distances of the order of ten to 
a hundred times their own diameter, so 
that only a very minute portion of space 
is occupied by them. A galaxy is a sys- 
tem made up of stars, millions of them, 
separated from each other by very large 
distances of tens of millions of times the 
diameter of a star. 

Our sun is a member of one of these 
the Milky Way. It is known 
star counts in various directions 
Way is 
diameter of 


galaxies 
from 
that the Milky roughly lens- 
shaped, with a perhaps 
100,000 light and a maximum 
thickness of something like one fifth to 
one tenth of this. The sun is at a con- 
siderable distance from the center but 
not very far from the median plane of 


years 


the system. 

The new knowledge about 
material in the space of our galaxy has 
contributed to this picture of the uni- 
verse principally by reducing the in- 
ferred importance of our own system. 
At one time the Milky Way was consid- 
large enough to contain all the 
When these were determined 


absorbing 


ered 
nebulae. 
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to be independent external systems 
stars, the Milky Way still held the pre 
dominant place and was thought to be 
perhaps five times as large in diameter 
next With the 
1 on 


dimensions of our own galaxy revised 


as the largest system. 
the basis of absorption to about one halt 
the previous size, and the diameter of! 


? 


other galaxies found to be larger thar 
were formerly measured, our own plac 
in space is not nearly so unique as we 
formerly had good reason to believe 

At this exhibit Dr. Joel Stebbins, ré 
search associate of the Institution and 
director of the Washburn Observatory 
the University of Wisconsin, demon 
strated a photo-electrie photometer w 
which measurements of absorbing mat 
rial were made (Fig. 3 Dr. Sinclair 
Smith, of the Mt. Wilson Observatory 
Institution, demonstrated 
two models of galaxies, one of the Milky 
Way as it would look from a distance 
of 20.000 light 
model of nine 
they would look from a distance of two 


of Carnegie 


years, and another a 


neighboring galaxies as 


million light-years 
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FORMATION OF CopPrER ORES 

In many ore deposits throughout the 
world the indispensable element copper 
is associated with iron and sulfur. The 
elements are combined in a series of min- 
erals; some of these minerals are found 
in large amounts in certain ore bodies, 
others are less common but still useful 
to students of ore deposits as clues to 
the oceurrence of their more important 
relatives. 

In nature the history of copper and 
iron sulfides goes back to voleanic and 
other phases of igneous activity. When 
the great bodies of igneous materials in 
the earth’s crust cooled and erystallized, 
the sulfides of copper and iron separated 
from them more or less thoroughly. For 
many years the formation of ores has 
been studied intensively at the Geophysi- 
cal Laboratory of Carnegie Institution at 
Washington, and as a result of these 
studies it is possible to prepare under 
defined conditions of temperature and 
pressure all the known natural copper- 
iron-sulfur minerals. 

The exhibit prepared by Dr. H. E. 
Merwin, of the Geophysical Laboratory, 
consisted of ovens and tubes used in 
actual experiments; a generic chart of 
ecopper-iron-sulfur minerals indicating 
their interrelationships; and samples of 
these minerals (Fig. 4). 


THE PUBLICATIONS OF THE 
INSTITUTION 


Since its inception the Institution has 


published the Year Book, of which the 
current issue constitutes the thirty-fifth 
volume of the series. These Year Books 
consist of comprehensive review of the 
eurrent work of the various groups of 
investigators and a statement by the 
president explaining and interpreting 
the work of the Institution viewed as an 
organic whole. 

Monographie series, with the first vol- 
ume printed in 1903, record the results 
of large research projects. So far 687 
volumes, aggregating 205,000 printed 
pages, have been published. 

In order to disseminate interpreta- 
tions of the scientific results among non- 
specialized readers as well as among 
scientists generally, the Institution has 
been publishing since 1926 the News 
Service Bulletin, the Supplementary 
Publications Series and the Clip Sheet 
Service. 

Through the medium of the News Ser- 
vice Bulletin, articles dealing with im- 


portant phases of current research and 


written in non-technical language are 
issued. The Supplementary Publication 
Series publishes the articles represented 
by lectures given under Institution spon- 
sorship by staff members of the. results 
of their investigations. The Clip Sheet 
Service is designed for the use of the 
press. 

This exhibit consisted of a collection 
of various publications and especially 
those published during the current year. 





POE 
freque 
the ni 
and f 
prope! 
song 
forms. 
trary, 
nature 
the sig 
ing of 
their | 

The 
taxed 
painte 
of the 
and s 
treatm 
ers sh 
groun 
vious : 
on the 
weave 
eal leg 
ing Wl 
mood ¢ 

The 
some } 
refere? 
notice, 
survey 
strikin 
come t 
been sé 
examp 
ing, g 
form a 
the ace 
harmo 

Refe 
tions « 


POETRY AND ASTRONOMY 


By Dr. FREDERICK W. GROVER 
PROFESSOR OF ELECTRICAL ENGINEERING, UNION COLLEGE, SCHENECTADY, N. Y. 


Ports and prose writers alike make 
frequent use of material descriptive of 
the natural world around us. Joyous 
and festive occasions require for their 
proper setting beautiful landscapes, the 
song of birds, gently rounded cloud 
forms. Villainous deeds, on the con- 
trary, are never so villainous as when 
nature connives with forked lightnings, 
the sighing of the tempest and the prowl- 
ing of unclean beasts to show them in 
their proper guise. 

The beauties of the sunset sky have 
taxed the powers of poet as well as 
painter. How natural that the aspects 
of the heavenly bodies, the sun, the moon 
and stars should also receive literary 
treatment! Here, however, many writ- 
ers show that they are on unfamiliar 


ground. Their figures of speech are ob- 


vious: their coloring is crude. Others, 
on the contrary, have understood how to 
weave astronomical fact with mythologi- 
eal legend to produce a fabric harmoniz- 
ing with the action of the story or the 
mood of the actors. 

The author has been interested for 
some years in noting such astronomical 
references in poetry as have come to his 
notice, and, although such a method of 
survey is far from comprehensive, many 
striking and beautiful passages have 
come to his attention. From these have 
been selected for quotation in this article 
examples of the best of this type of writ- 
ing, gems distinguished not for their 
form and intrinsic beauty alone, but for 
the accuracy of their statement and their 
harmony with their settings. 

References to those poetical descrip- 
tions of the constellations which have 


come down to us from classical times are 
here purposely omitted, as well as pas- 
sages from that able and accurate account 
of astronomical discovery which Alfred 
Noyes has given us in ‘‘ Watchers of 
the Sky.’’ Such works lie beyond the 
scope of this article, which is to deal 
with astronomical allusions in poetry 
rather than with treatises on descriptive 
astronomy in poetical form. 

Quotations from certain other authors 
are here omitted, because, in the judg- 
ment of the author, their astronomical 
interest is negligible. For example, Shel- 
ley’s works abound in descriptions of 
beautiful clouds and gorgeous sunsets, 
but the heavenly bodies are either merely 
mentioned or introduced in an artificial 
manner. Swinburne’s astronomical ref- 
erences are vague and his figures mixed. 
In still other poems, as, for example, 
Lytton’s ‘‘When Stars are in the Quiet 
Skies,’’ all the astronomical content is to 
be found in the title, and the poem is a 
love-lyric pure and simple. 

On the other hand, the works of certain 
other writers, and preeminently those of 
Dante, Milton and Tennyson, contain 
frequent passages which argue the pos- 
session by their authors of considerable 
astronomical knowledge. Quite natu- 
rally, therefore, extracts from these 
authors will here receive especial promi- 
nence. 

References to the sun are of frequent 
occurrence and depict it in various 
aspects. In the words of the Psalmist, 
he ‘‘is like a bridegroom coming out of 
his chamber, and rejoiceth as a strong 
man to run a race.’’ Appropriate to this 
aspect also is the well-known stanza from 
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Omar Khayyam, in which is pictured the 
paling of the stars at dawn and the first 
moments of the sunrise : 


Wake! For the Sun who scattered into flight 

The stars before him from the fields of night, 

Drives night along with them from Heav’n, and 
strikes 

The Sultan’s turret with a shaft of light. 


The sun is often identified with the 
sun-god of mythology, who daily drove 
his chariot across the sky, and at night 
returned to the east below the ocean’s 
rim. Thus Milton wrote of the sunset 
and the passage of the sun below the hori- 
zon in the north, 


And the gilded car of day 

His glowing axle doth allay 

In the steep Atlantic stream: 

And the slope sun his upward beam 
Shoots against the dusky pole, 
Pacing toward the other goal 

Of his chamber in the east. 


In quite another guise the same author 
depicts the sun at its rising: 


So when the sun in bed, 
Curtained in cloudy red, 
Pillows his chin upon an orient wave. 


Longfellow appropriately introduces 
the rising sun on the wedding morning 
of John Alden and Priscilla in the form 
of a high priest of Israel. References to 
the vestments prescribed by the law of 
Moses are skilfully introduced. 


Forth from the curtain of clouds, from the tent 
of purple and scarlet, 

Issued the sun, the great High-Priest, in his 
garments resplendent, 

Holiness unto the Lord, in letters of light on his 
forehead, 

Round the hem of his robe, the golden balls and 
pomegranates, 

Blessing the world he came, and the bars of 
vapor beneath him 

Gleamed like a grate of brass, and the sea at his 
feet was a laver. 


References to the sun in eclipse are 
frequent. The ancient superstitious awe, 
evoked by that phenomenon, is touched 
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upon in the following lines from ‘‘ Para- 
dise Lost’’: 


. as when the sun new-risen 
Looks through the horizontal misty air 
Shorn of his beams, or, from behind the moon, 
In dim eclipse, disastrous twilight sheds 
On half the nations, and with fear of change 
Perplexes monarchs. 


The total eclipse of 1820, which Words- 
worth saw in Italy, inspired one of his 
poems. His description of the unearthly 
illumination, which those of us who saw 
the eclipses of 1925 and 1932 will never 
forget, has an authentic ring which other 
parts of the poem do not possess. 


The sky an azure field displayed ; 

’T was sunlight sheathed and gently charmed, 
Of all its sparkling rays disarmed, 

And as in slumber laid— 


Or something night and day between, 
Like moonshine, without shadow, spread 
On jutting rock and curved shore,— 


The origin of the zodiac, that belt of 
constellations which marks the apparent 
path of the sun among the stars during 
the year, antedates history. The old 
familiar figures, beginning with the Ram 
and ending with the Fishes, which greet 
the eye from every almanac, have caught 
the imagination of many a poet, and are 
used by them to fix the seasons. Thus, 
for example, Longfellow describes the 
advance of the autumn at the end of 
October in the words 


Now had the season returned, when the nights 
grow colder and longer, 

And the retreating sun the sign of the Scorpion 
enters ; 


and Dante refers to the turn of the 
Italian winter, at the end of January, in 
a stanza which suggests the uncertain 
weather which there accompanies the 
lengthening of the days: 


In the year’s early nonage, when the sun 
Tempers his tresses in Aquarius’ urn, 

And now towards equal day the nights recede; 
When as the rime upon the earth puts on 
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Her dazzling sister’s image, but not long 
Her milder sway endures: 


In his ‘‘ Poet’s Calendar’’ Longfellow 
gives verses descriptive of all the signs, 
and in Thomson’s ‘‘Seasons’’ especially 
fine use of them is made. Thus, for ex- 
ample, the short northern night, at the 
end of June, is described, when the sun 
leaves the sign of Gemini and enters 
Cancer. In England, at that time, the 
twilight persists practically the whole 
night. 


When now no more the alternate Twins are fired, 
And Cancer reddens with the solar blaze 
Short is the doubtful empire of the night. 


This contrasts vividly with his picture of 
the opposite period of the year. In 
northern latitudes the December sun 
attains only a small altitude all the day. 


Now when the cheerless Empire of the sky 

To Capricorn the Centaur-Archer yields 

And fierce Aquarius stains the inverted year ; 
Hung o’er the farthest verge of heaven, the Sun 
Scarce spreads o’er ether the dejected day. 


As would be expected, the moon in all 
its aspects lends itself well to poetic de- 
scription. Whittier describes the cres- 
cent phase in the words, 


A young moon at its narrowest 
Curves sharp against the darkening west. 


In ‘‘The Blessed Damozel’’ of Dante 
Gabriel Rosetti occurs the figure: 


the curl’d moon 
Was like a little feather 
Fluttering far down the gulf. 


Longfellow in ‘‘The Masque of Pan- 
dora’’ likens the new moon to the scythe 
of Kronos, who finds his counterpart in 
the sky in the planet Saturn. 


Blood-red, last night, 
I saw great Kronos rise; the crescent moon 
Sank through the mist, as if it were the scythe 
His parricidal hand had flung far down 
The western steeps. 


Browning describes the everchanging 
phases of the moon, its waxing and its 
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waning and its changing position in the 
sky, in the poem ‘‘One Word More.’’ 


Lo, the moon’s self! 
Here in London, yonder late in Florence, 
Still we find her face, the thrice transfigured, 
Curving on a sky imbrued with color, 
Drifted over Fiesole by twilight, 
Came she, our new crescent of a hair’s breadth, 
Full she flared it, lamping Samminiato, 
Rounder ’twixt the cypresses, and rounder, 
Perfect till the nightingales applauded. 
Now, a piece of her old self, impoverished, 
Hard to greet, she traverses the house roofs, 
Hurries with unhandsome thrift of silver, 
Goes dispiritedly—glad to finish. 


Longfellow described the pale disk of 
the moon seen in daylight hours in the 
words, 


In broad daylight, and at noon, 
Yesterday I saw the moon 

Sailing high, but faint and white 
As a school-boy’s paper kite. 


’? 


And Tennyson in ‘‘The Lover’s Tale 
describes it still more aptly. 

On the other side, the moon, 
Half-melted into thin blue air, stood still, 
And pale and fibrous as a withered leaf, 
Not yet endured in presence of his eyes 
To indue his luster ; 


The full moon rising and bathing the 
landscape in a flood of light is a favorite 
theme, and it is difficult to select from the 
abundance of references examples which 
shall be representative. The following is 
from Thomson’s ‘‘ Autumn’”’ 


Now through the passing cloud she seems to 
stoop 

Now up the pure Cerulean rides sublime. 

Wide the pale Deluge floats, and streaming mild 

O’er the skied mountain to the shadowy vale, 

While rocks and floods reflect the quivering 
gleam 

The whole air whitens with a boundless tide 

Of silver radiance, trembling round the world. 


Contrast this with a reference to the 
fact that the full moon blots out all but 
the brightest stars in a _ well-known 
passage from Wordsworth’s ‘‘Intima- 
tions of Immortality.’’ 
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The Moon doth with delight 
Look round her when the heavens are bare; 


Many beautiful passages refer to the 
moon in her réle of the goddess Cynthia 
or Diana. How delicately, yet how viv- 
idly, these lines from Spenser’s ‘‘ Epi- 
thalamium’’ call to mind a night when 
the moon is at the full, and is conse- 
quently above the horizon from sunset to 
sunrise. 

Who is the same, which at my window peepes? 
Or whose is that fair face that shines so bright? 


Is it not Cinthia, she who never sleepes, 
But walks about high heaven all the night. 


Quite different, but graceful also, is 
Ben Jonson’s ‘‘Ode to Diana’’ which 
begins with the stanza: 


Queen and huntress, chaste and fair, 
Now the sun is laid to sleep, 

Seated in thy silver chair 

State in wonted manner keep: 
Hesperus entreats your light, 
Goddess excellently bright. 


Of the planets bright Venus has espe- 
cially inspired the poets. As morning- 
star it was known to the ancients as 
Phosphor or Lucifer, and as evening-star 
as Hesperus or Vesper, before it was 
realized that a single body was appearing 
in a dual réle. This is referred to by 
Tennyson in ‘‘In Memoriam.”’ 


Sweet Hesper-Phosphor, double name, 
For what is one, the first, the last, 

Thou like my present and my past, 

Thy place is changed; thou art the same. 


References to the morning-star are 
generally of a joyous nature. In the 
book of Job we read that ‘‘the morning- 
stars sang together.’’ It is the herald of 
the dawn, whose office it is to dismiss the 
other stars before the rising of the sun. 
In Milton’s poem ‘‘On the Morning of 
Christ’s Nativity’’ occurs the stanza: 


The stars with deep amaze, 

Stand fixed in steadfast gaze, 

Bending one way their precious influence. 
And will not take their flight, 


For all the morning light 

Or Lucifer that often warned them thence; 
But in their glimmering orbs did glow, 

Until their Lord himself bespake, and bid them 


go. 


and in Tennyson’s ‘‘Maud’’ occurs an 
especially fine treatment of the coming 
of the dawn. 


For a breath of the morning moves, 

And the planet of Love is on high, 

Beginning to faint in the light that she loves, 
On a bed of a daffodil sky, 

To faint in the light of the sun she loves, 

To faint in his light,—and to die. 


There is a weaith of material having 
to do with Hesperus, the evening star. 
Wolfram’s ‘‘Ode to the Evening-Star”’ 
in ‘‘Tannhaeuser’’ springs at once to 
mind. A whole section of Thomas Camp- 
bell’s poem ‘‘Caroline’’ is dedicated to 
the evening-star. Of this poem, in which 
the star comes out a poor second to Caro- 
line, the following is perhaps best worth 
quoting in this connection : 


Gem of the crimson-colored Even, 
Companion of retiring day, 

Why at the closing gates of Heaven, 
Beloved star, dost thou delay? 


Akenside also composed a florid ‘‘Ode 
to the Evening-Star,’’ which begins: 


Tonight retired the queen of heaven 
With young Endymion stays: 

And now to Hesper is it given 
Awhile to rule the vacant sky, 

Till she shall to her lamp supply 

A stream of brighter rays. 


Most frequently reference is made to 
the brief splendor of the star in the twi- 
light sky which ushers in the night, as is 
illustrated in ‘‘ Paradise Lost.’’ 


The sun was sunk, and after him the star 

Of Hesperus, whose office is to bring 

Twilight upon earth, short arbiter 

’Twixt day and night, and now from end to end 
Night’s hemisphere had veiled the horizon round. 


Effective use of the star is also made to 
suggest a mood of sadness. For example, 
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in Tennyson’s ‘‘In Memoriam’’ occurs 
the passage : 

Sad Hesper o’er the buried sun 

And ready, thou, to die with him, 


Thou watchest all things ever dim 
And dimmer, and a glory done. 


The remaining planets, with the excep- 
tion of Mars, have received scant poetical 
mention. Thomson, it is true, wrote of 
the solar system as a whole (bounded by 
Saturn in his day) : 


from the far bourne 
Of utmost Saturn, wheeling wide his round 
Of thirty years, to Mercury, whose disk 
Can scarce be caught by philosophic eye, 
Lost in the near effulgence of thy blaze. 


As he accurately states, Mercury is sel- 
dom seen except by the astronomers. 
Saturn, although fairly bright, is not 
readily distinguished among the other 
brighter stars. It seems strange, how- 
ever, that Jupiter has not received some 
poetic notice. For months at a time, 


every year, it is the brightest of the stars 


of the night sky and is not greatly ex- 
celled in brightness by Venus. Mars, on 
the contrary, although it is inconspicuous 
except for a few weeks every other year, 
has gained some mention among the 
poets, probably because of its fiery red 
color and the warlike associations of its 
name. 

In Longfellow’s poem, ‘‘The Light of 
Stars,’’ ‘‘the first watch of the night is 
given to the red planet Mars.’’ In 
Dante’s ‘‘Inferno’’ occurs the passage 


And now, behold! as at the approach of morn- 
ing, 

Through the gross vapors, Mars grows fiery red 

Down in the west upon the ocean floor. 


An interesting reference to Mars from a 

historical point of view is found in Ten- 

nyson’s ‘‘ Maud.”’ 

She seemed to divide in a dream from a band of 
the blest, 


And spoke of a hope for the world in the coming 
wars— 
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** And in that hope, dear soul, let trouble have 
rest, 

Knowing I tarry for thee,’’ and pointed to Mars 

As he glowed like a ruddy shield on the Lion’s 
breast. 


The reference is to the entry of England 
into the Crimean War, 1854-55. Caleu- 
lation shows that Mars came to opposi- 
tion (maximum brightness) in the spring 
of 1853 in the constellation of the Lion 
close to Regulus, the bright star which 
marks the heart of the Lion. 

The starry heavens themselves have 
inspired a variety of poetic images. 
Longfellow in ‘‘Evangeline’’ likens the 
stars to ‘‘the forget-me-nots of the 
angels,’’ and farther on in the same poem 
to ‘‘the thoughts of God in the heavens.’’ 
In ‘‘Sandalphon’’ he gives a moving de- 
scription of the beauties of a clear, moon- 
less night in the lines: 


When I look from my window at night, 
And the welkin above is all white, 
All throbbing and panting with stars. 


In the so-called Greek Hymn the stars 
are themselves angels, and so are they 
named in Lowell’s ‘‘ Rosaline.’’ 


The stars came out; and one by one, 
Each angel from his silver throne 
Looked down and saw what I had done. 


References to the Milky Way are sum- 
marized in Longfellow’s ‘‘Galaxy.’’ 
From this may be quoted a passage which 
contrasts the usual, the classic connection 
of the Galaxy with the legend of Phaeton 
with a conception which is all the poet’s 
own. 


Nor this I see, nor yet the ancient fable 

Of Phaeton’s wild course, that scorched the skies 

Where’er the hoofs of his hot coursers trod; 

But the white drift of worlds o’er chasms of 
sable, 

The star-dust, that is whirled aloft and flies 

From the invisible chariot-wheels of God. 


The silent, unhastening, ceaseless 
march of the stars from their rising to 
their setting lends itself well to the mark- 
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ing of the passage of time for the poets 
as well as for the astronomers. In 
Dante’s great work the transition from 
one episode to another is often effected 
by the interpolation of a passage describ- 
ing the positions of certain constellations, 
for example, the interpolation at the end 
of Canto XI of the Inferno: 


... for now 
The Pisces play with undulating glance 
Along the horizon, and the Wain lies all 
O’er the northwest; and onward there a space 
Is our steep passage down the rocky height. 


This aspect of the sky corresponds to a 
time about two hours before the sunrise 
on April 9 (the date of Good Friday in 
1300. ) 

In ‘‘Cassandra Southwick’’ Whittier 
gives a picture of hours spent in weari- 
ness of spirit. 


Last night I saw the sunset melt through my 
prison bars, 

Last night across my damp earth-floor fell the 
pale gleam of stars: 

In the coldness and the darkness, all through the 
long night-time 

My grated casement whitened with the autumn’s 
early rime. 

Alone in that dark sorrow, hour after hour crept 
by, 

Star after star looked palely in and sank adown 
the sky. 


Frequent and effective use is made of 
a figure of speech, borrowed from the 
classical writers, which supposes the sun, 
moon and stars to rise from the sea and 
to be bathed, at their setting, in the waves 
of the western ocean, at the confines of 
the world. For example, in Tennyson’s 
stirring poem ‘‘ Ulysses’’ the ageless hero 
exhorts his comrades in the words: 


Come, my friends, 

’*Tis not too late to seek a newer world. 
Push off, and sitting well in order smite 
The sounding furrows: for my purpose holds 
To sail beyond the sunset, and the baths 
Of all the western stars, until I die. 


It is generally conceded that the con-~ 
stellations date back to about 3000 B.c. 


To two of the classical writers, Aratus 
and Manilius, we owe full descriptions 
of them, together with accounts of their 
reputed influence on the weather and the 
connection of the times of appearance of 
certain of them with the times of sow- 
ing and reaping. The works of these 
authors, taken with the records of the 
positions of the brighter stars made by 
Ptolemy from his measurements, make 
it certain that the constellations are 
essentially unchanging through the cen- 
turies. The contrast between this fixity 
of the skies above us and the ephemeral 
nature of our lives and fortunes has often 
been made the theme of poetry. As an 
instance of this may be quoted that 
familiar passage from Omar Khayyam, 
which has been so effectively set to music 
in Lisa Lehmann’s ‘‘Persian Garden’’: 


Yon rising moon that looks for us again— 
How oft hereafter will she wax and wane; 

How oft hereafter rising look for us 

Through this same garden—and for one in vain! 


The same theme underlies also the fol- 
lowing from ‘‘Lucifer and Elissa’’ by 
Philip James Bailey : 
. nigh one year ago, 

I watched that large bright star, much where it 

is now! 
Time hath not touched its everlasting lightning, 
Nor dimmed the glorious glances of its eye, 
Nor passion clouded it, nor any star 
Eclips’d: it is the leader still of heaven. 
And I who lov’d it then can love it now; 
But I am not what I was, in one degree. 


Certain of the star groups and the 
brighter individual stars find mention in 
the works of many authors. Among 
them the stars Arcturus and Sirius, the 
two star clusters of the Pleiades and the 
Hyades, the constellations of Orion, the 
Greater Bear and the Smaller Bear are 
those most often cited. Thus, in the Book 
of Job, we find the passage, ‘‘Canst thou 
bind the sweet influences of the Pleiades, 
or loose the bands of Orion? Canst thou 
bring forth Mazzaroth (the signs of the 
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zodiac) in his seasons? Or canst thou 
guide Arcturus with his sons?’’ 

The constellations of the Bears never 
set in northern latitudes but circle end- 
lessly about the pole. This fact is re- 
ferred to in the following quotation from 
the Odyssey : 


So he sat and cunningly guided the craft with 
the helm 

Nor did sleep fall upon his eyelids as he viewed 

The Pleiades and Bodtes, that setteth late, and 

The Bear, which they likewise call the Wain, 
which 

Turneth ever in one place and alone hath no 

Part in the baths of Ocean. 


In ‘‘Balder Dead’’ Matthew Arnold 


writes in a similar vein: 


But he must ever watch the Northern Bear, 
Who from her frozen heights with jealous eye, 
Confronts the Dog and Hunter in the south, 
And is alone not dip’t in Ocean’s stream. 


And in ‘‘ Prometheus’’ Lowell has pro- 
duced a beautiful sequence of astronomi- 
eal figures : 


The Bear, that prowled all night about the fold 
Of the north-star, hath shrunk into his den, 
Seared by the blithesome footsteps of the Dawn, 
Whose blushing smile floods all the Orient; 
And now bright Lucifer grows less and less 
Into the heavens’ blue quiet deep-withdrawn. 


The practically fixed position of the 
pole-star in the sky and its usefulness in 
navigation is referred to in the following 
passage by William Cullen Bryant. 

On thy unaltering blaze 

The half-wrecked mariner, his compass lost, 

Fixes his steady gaze, 

And steers undoubting to the friendly coast; 

And they who stray in perilous wastes by night 

Are glad when thou dost shine to guide their 
footsteps right. 


The lines which Lowell puts into the 
mouth of Columbus liken the star to a 
lighthouse : 

This have I mused on, since mine eye could first 


Among the stars distinguish and with joy 
Rest on that God-fed Pharos of the north, 
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On some blue promontory of heaven lighted 
That juts far out into the upper sea. 


The constellation Orion, the most con- 
spicuous in the sky, forms the subject of 
**The Oceultation of Orion,’’ 
by Longfellow, Stars,’’ by 
Arthur Reed Ropes, and ‘‘Orion,’’ by 
Charles Turner. **Maud’’ 
showed his familiarity with the constel- 
lation in the beautiful and accurate pic- 
ture which he drew of the western sky in 


the poems 
**Singing 


Tennyson in 


the month of May. 


For it fell at a time of year 

When the face of the night is fair on the dewy 
downs, 

And the shining daffodil dies 1 the Charioteer 

And starry Gemini hang like glorious crowns 

Over Orion’s grave low down in the west. 
Effective the distance 


which separates us from those living in 


emphasis of 


the Antipodes is afforded by references 
to the differences of 
our own and the changed aspect of the 


In ‘‘ The 


their seasons from 


sky seen in southern latitudes. 
Brook,’’ by Tennyson, 


Katie walks 


e long wash of the Australasian seas 


By tl 
Far off, and holds her hea 


] to other stars 


And breathes in converse seasons. 


South of the equator our pole star is 
continually below the northern horizon, 
while the famous Southern Cross circles 
about the region where a few faint stars 
mark the the 
These differences are used with 
effect in a poem by Housman entitled 


heavens. 
telling 


south pole of 


** Astronomy’”’ 


The Wain upon the northern steep 
Descends and lifts away. 

Oh I will sit me down and weep 
For bones in Africa. 


For pay and medals, name and rank, 
Things that he has not found, 

He hove the Cross to heaven and sank 
The pole-star underground. 


And now he does not even see 
Signs of the nadir roll 
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At night over the ground where he 
Is buried with the pole. 


However, perhaps the most remark- 
able reference to the Southern Cross to 
be found in the literature occurs in 
Dante’s ‘‘Purgatorio.’’ After having 
discussed with his guide and mentor the 
to him unfamiliar motion of the sun from 
right to left in the northern sky, brought 
about by their position south of the equa- 
tor, Dante, a little farther on, refers to 
the aspect of the night sky : 


To the right hand I turn’d, and fixed my mind 
On the other pole attentive, where I saw 
Four stars ne’er seen before save by the ken 
Of our first parents. Heaven of their rays 
Seem ’d joyous. O thou northern site bereft 
Indeed, and widow ’d, since of these deprived. 


The reference to the four stars of the 
Cross is unmistakable. When the con- 
stellations were first named, millenniums 
before the Christian era, the Southern 
Cross was visible in the north temperate 
zone, but the slow precession of the 
earth’s axis, during the centuries, has 
brought about great changes in the posi- 
tions of the poles among the stars. The 
Southern Cross is now always below the 
horizon, except for places in the tropics 
and the southern hemisphere, and such 
was the case also in Dante’s time. 

The poetic quotations thus far consid- 
ered all relate to what may be termed the 
astronomy of the ancients, that is, the 
astronomy of the millenniums before the 
invention of the telescope and the appli- 
cation of exact measuring instruments to 
the study of the sky revolutionized astro- 
nomical progress. For the most part, the 
astronomical figures found in the works 
of modern poets with their mythological 
allusions are merely variants of those 
used by the classical writers, and this is 
quite appropriate. In spite of the exis- 
tence of astronomical observatories, most 
of us continue to view the beauties of the 
sky without optical aid, as did our foré- 
fathers, and like them take pleasure in 
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the legends associated with the heavenly 
bodies. It is popularly believed, indeed, 
that exact science and poetry are mu- 
tually exclusive in any work, and it is 
true, of course, that scientific books make 
little or no use of the medium of poetry 
in imparting knowledge. Certain poets, 
however, have been so successful in com- 
bining scientific accuracy with beauty of 
diction as to argue for them the posses- 
sion of a knowledge of astronomical 
science. Examples have already been 
given which indicate that Dante was well 
versed in the astronomical lore of his 
time. In ‘‘Paradise Lost’’ are to be 
found many passages in which the astro- 
nomical ideas of the Copernican theory, 
which was becoming firmly established in 
Milton’s time, are compared with those 
of the older, artificial Ptolemaic system, 
which dealt with a celestial sphere 


With Centric and Eccentric scribbled o’er 
Cycle and Epicyecle, orb in orb. 


In the same work Uriel is made to argue 
the merits of the two systems at some 
length. That the discoveries of Galileo 
with his newly invented telescope were 
well known to Milton is evidenced by the 
passage in which he describes Satan’s 
shield : 


The broad circumference 
Hung on his shoulders like the moon, whose orb 
Through optic glass the Tuscan artist views 
At evening, from the top of Fesolé 
Or in Valderno, to desery new lands, 
Rivers, or mountains, in her spotty globe. 


Until modern times, the apparition of 
a comet suddenly appearing out of the 
nowhere was believed to presage the 
death of some important personage or 
some other dire calamity. Shakespeare 
voices that belief in ‘‘ Julius Caesar’’: 


When beggars die, there are no comets seen ; 
The heavens themselves blaze forth the death of 
princes. 


A comet which appeared in 1066 was 
afterward believed to have foretold the 
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Norman Conquest. In the poem ‘‘ Har- 
old’’ Tennyson represents Morcas as 
saying, 

‘*Lord Leodwin, dost thou believe that these 


Three rods of blood-red fire up yonder mean 
The doom of England and the wrath of heaven?’’ 


The comet of 1456 preceded the deposi- 
tion and subsequent execution of the 
unfortunate Henry VI. This event 
probably suggested the following lines 
from Shakespeare’s drama of that name: 


Comets, importing change of times and states 
Brandish your crystal tresses in the sky; 

And with them scourge the bad, revolting stars 
That have consented unto Henry’s death. 


The English astronomer, Halley, rea- 
soning from the similarity of the calcu- 
lated orbits, dates of appearance and 
recorded aspects of certain remarkable 
comets of the past, came to the conclusion 
that the great comet of 1682 would return 
in 1758. Actually, the comet reappeared 
only a few months later than the pre- 
dicted date, but more than twenty years 
after the death of Halley. It was this 
same comet, whose elongated elliptical 
orbit is well known to present-day as- 
tronomers which was given such public- 
ity in 1910. That the verification of 
Halley’s prediction made a deep impres- 
sion on the poet Thomson is evident from 
a number of passages of which the fol- 
lowing is perhaps the best: 

Lo! from the dread immensity of space, 

Returning with accelerated pace, 

The rushing comet to the sun descends: 

And, as he shrinks below the shading earth, 


With awful train projected o’er the heavens 
The guilty nations tremble. 


Contrast this with the verses previously 
quoted above. The element of fear is still 
retained, but the rapid increase in the 
velocity of the comet as it approaches the 
sun, a characteristic of motion in an elon- 
gated elliptical orbit, as well as the very 
close approach of the comet to the sun are 
skilfully treated. 
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In the last century, Longfellow, and 
still more so, Tennyson, give evidence 
that they were interested in the progress 
of science. In ‘‘ Locksley Hall’’ Tenny- 
son probably referred to this when he 
wrote, 
Here about the beach I wandered, nourishing a 
youth sublime 


With the fairy tales of science, and the long 
result of time. 


Browning, in general, discloses no such 
interest, but in ‘‘One Word More’’ he 
makes ingenious use of the fact that the 
moon constantly keeps the same face 
turned toward us, the other side being 
perpetually invisible from the earth. 


What, there’s nothing in the moon noteworthy? 
Nay—for if that moon could love a mortal, 
Use to charm him (so to fit a fancy) 

All her magic (’tis the old sweet mythos) 

She would turn a new side to her mortal, 

Side unseen of herdsman, huntsman, steersman 
Blank to Zoroaster on his terrace, 

Blind to Galileo on his turret, 


Dumb to Homer, dumb to Keats—him, even! 


And a few lines farther on, 


God be thanked, the meanest of His creatures 
Boasts two soul-sides, one to face the world with, 
One to show a woman when he loves her. 


The discovery of the planet Neptune in 
1846 as a result of a mathematical study 
of perturbations of the motion of the 
planet Uranus, inspired, no doubt, the 
following passage from Longfellow’s 
‘Haunted Houses’’ 


These perturbations, this perpetual jar 

Of earthly wants and aspirations high, 
Comes from the influence of an unseen star, 
An undiscovered planet in our sky. 


The lines of Keats, 
Then felt I like some watcher of the skies 


When a new planet swims into his ken, 


refer to the discovery of Uranus, in 
1781, an event resulting not from dili- 
gent theoretical investigation, but from 
Herschel’s tireless telescopic exploration 
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of the sky. The wording is a little fan- 
ciful, since the newly found object was 
not at first recognized for what it was, so 
little did he or any one else suspect the 
existence of undiscovered planets. 

In ‘‘Christus: A Mystery,’’ Longfel- 
low concisely and accurately refers to 
the double stars, stars which appear so 
close together in the sky that telescopic 
aid is necessary to see them separated. 


Nor let the Historian blame the poet here, 
If he perchance misdate the day or year, 
And group events together, by his art, 
That in the Chronicles lie far apart; 

For as the double stars, though sundered far, 
Seem to the naked eye a single star, 

So facts of history, at a distance seen, 

Into one common point of light convene. 


The same poet, in ‘‘Charles Sumner,’’ 
makes effective use of the fact that the 
stars are so distant that the light leaving 
the star at any moment does not reach 
the earth until years later. 


Were a star quenched on high, 

For ages would its light 

Still traveling downward from the sky 
Shine on our mortal sight. 

So when a great man dies 

For years beyond our ken 

The light he leaves behind him lies 
Upon the paths of men. 


The question whether life exists on 
other planets of our solar system besides 
the earth will probably never be certainly 
answered. In the light of the evidence 
available, astronomers believe that Mars 
and Venus only may offer conditions not 
wholly inhospitable. From those planets 
the earth must appear as a star of much 
the same brightness as Venus appears to 
us. Tennyson, in ‘‘ Locksley Hall Sixty 
Years Later,’’ has ingeniously intro- 
duced these facts in the following pas- 
sage: 

Venus near her! smiling downward at this 
earthlier earth of ours 


Closer on the sun, perhaps a world of never 
fading flowers. 

Hesper, whom the poet call’d the Bringer home 
of all good things. 

All good things may move in Hesper, perfect 
peoples, perfect kings. 

Hesper—Venus—were we native to that splen- 
dor or in Mars, 

We should see the Globe we groan in, fairest of 
their evening stars. 

Could we dream of wars and carnage, craft and 
madness, lust and spite 

Roaring London, raving Paris, in that point of 
peaceful light? 

Might we not in glancing heavenward on a star 
so silver-fair, 

Yearn and clasp the hands and murmur, ‘‘ Would 
to God that we were there?’’ 


The famous cluster of stars which 
bears the name of the Pleiades has been 
an object of interest since the earliest 
times. Every one can make out six stars, 
and some people three or four more. 
Galileo with his tiny telescope was able 
to see forty-five stars; large telescopes 
bring out hundreds. The surprising 
fact, however, is that when, first, photo- 
graphs of the cluster were taken in the 
eighties of the last century, it was dis- 
covered that the stars are involved in an 
extended mass of nebulosity, that is, in 
a misty, ill-defined cloud of 


white nebulous matter between stars, 
Which, if not light, at least is likest light, 


as Philip James Bailey so aptly describes 
it. A particularly happy description of 
the Pleiades, suggesting both the cluster- 
ing stars and the nebulous cloud in which 
they are involved, is found in ‘‘ Locksley 
Hall’’: 


Many a night I saw the Pleiades, rising through 
the mellow shade, 

Glitter like a swarm of fireflies tangled in a 
silver braid. 


In ‘‘The Golden Year’’ Tennyson re- 
fers to the motion of the sun through 
space, a motion which is taking it, to- 
gether with the planets which revolve 
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around it, toward the constellation of 
Hercules. 


We sleep and wake and sleep, but all things 
move ; 

The Sun flies forward to his brother sun; 

The dark earth follows wheel’d in her ellipse: 


In ‘‘The Princess’’ occurs a passage 
inspired by the Nebular Hypothesis of 
Laplace. This hypothesis postulates the 
evolution of the stars from nebulous mat- 
ter as a result of eddying motion and 
condensation resulting from it. Con- 
tinued motion and further condensation 
cause the planets to be thrown off from 
the nascent suns. The quotation referred 
to is as follows: 

This world was once a fluid haze of light, 

Till toward the center set the starry tides, 


And eddied into suns, that wheeling cast 
The planets: then the monster, then the man. 


And in his ‘‘ Epilogue’’ occurs a stanza 
which embodies the modern idea of island 
universes, that is, of the existence of not 
one but many universes, our own the 


Galaxy, and the others visible to us as 
spiral nebulae. 


The fires which arch this dusky dot 
Yonder myriaded-worlded way 
The vast sun-clusters’ gathered 
World isles in lonely skies, 
Whole heavens within themselves. 


laze, 


The progress of science has never been 
so rapid as during the generation which 
has elapsed since the Victorian era: as- 
tronomical has won for us a 
widely and growing 
knowledge of the starry heavens. How- 
ever, to the best of the writer’s knowl- 


resea reh 


increased ever 


edge, no poet has drawn inspiration from 
these new marvels, nor allowed his fancy 
to roam over this virgin field. Yet it 
would be a and 
demanding no mean ability, to picture 
the whirl of the spectroscopic binaries, 
and the rhythmic the 
Cepheid variables, to describe the indi- 
vidualities of the 
or to soar in imagination to the confines 
of an expanding universe. 


fascinating task, one 


oscillations of 


dwarf and giant stars, 





THE BEGINNINGS OF HISPANO-INDIAN 
SOCIETY IN YUCATAN 


By FRANCE V. SCHOLES 
DIVISION OF HISTORICAL RESEARCH, CARNEGIE INSTITUTION OF WASHINGTON 


Factors AFFECTING COLONIAL 
PoLicy 

SPANISH colonial policy in America 
developed naturally from two basic fac- 
tors: (1) conditions within the areas 
that were conquered and (2) the ideals 
and aims of the Spanish monarchy in the 
sixteenth century. 

Although the Spanish colonies were 
for the most part within the tropical and 
sub-tropical zones, they contained large 
areas suitable for European settlement. 
Colonists in considerable numbers mi- 
grated to specially favored regions in 
New Spain and Peru, where they en- 
gaged in farming, stock raising, mining 
and trade. But the Spaniards found 
most of these areas already occupied by 
a numerous aboriginal population with 
highly developed civilizations based on 
an advanced agricultural economy. In 
this respect Hispanic America contrasted 
rather sharply with the temperate zones 
in which the British colonies in North 
America were founded, for the vast ex- 
panse of what is now the United States 
was lightly populated and the Indians 
were much less strongly rooted to the 
soil than those of Mexico, Guatemala and 
Peru. The British were able, therefore, 
to deal with the Indian tribes as inde- 
pendent units, as nations outside their 
own colonial system, whereas Spain was 
forced to incorporate them as an integral 
part of colonial society. Thus social evo- 
lution in Hispanic America has been 
characterized by the interaction and par- 
tial fusion of two races, and two sets of 
culture patterns, European and aborig- 
inal. , 

The forces which influenced the formu- 
lation of policy dealing with the aborig- 


ines and their relations with the Spanish 
colonists were economic and religious, 
selfish and humanitarian. The original 
impelling motive of discovery and colo- 
nization was economic, and the exploita- 
tion of the resources of the colonies for 
the benefit of the Crown and of the colo- 
nists who supported the imperial system 
always remained the paramount factor 
in determining the character of adminis- 
tration. But the long crusade against 
the Moors had identified the cause of 
Catholic orthodoxy with national inter- 
ests, and a militant zeal for the faith 
inspired the Spanish nation. It was in- 
evitable, therefore, that when the Indies 
were conquered, the conversion of the 
aborigines and the extirpation of the 
older pagan religion and ceremonial 
should become one of the dominant aims 
of empire. Moreover, the Spanish jurists 
of the sixteenth century were inspired 
by a broad humanitarianism and an in- 
creasing interest in the relations between 
nations and peoples. The question of the 
aborigines raised important problems of 
theoretical and practical justice and the 
influence of the jurists contributed much 
to the formulation of legislation for the 
preservation of the liberties of the In- 
dians within the limits imposed by the 
introduction of a new faith and the main- 
tenance of Spanish supremacy. 

The attempt to combine the economic 
and the ecclesiastico-humanitarian mo- 
tives of empire created problems of tre- 
mendous historical significance. The 
Crown was obliged to recognize the de- 
mands of the colonists for the right to 
exploit Indian lands and labor, but it 
sought to limit abuses by protective leg- 
islation that would preserve at least the 
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legal status of the Indians as free beings 
and prevent the total expropriation of 
Indian property. It sought also to en- 
sure the conversion of the Indians to the 
Christian faith, at the same time preserv- 
ing the traditional folk culture in so far 
as it did not conflict with Christian 
standards of morals and orthodoxy. 
Hispanic America became in effect a 
sociological laboratory where experi- 
ments in human relationships were made 
on a vast scale. The final result was the 
creation of a Hispano-Indian society 
characterized by the domination of the 
masses by a small privileged minority, 
the hybridization of culture and the 
existence of unsolved problems of land 
and labor. 

The History of Yucatan project spon- 
sored by the Carnegie Institution of 
Washington is a part of its larger pro- 
gram of Maya research. Although the 
specific aim of the investigations in the 
post-conquest history of the Maya is to 
give unity to the researches of the special- 
ists in Maya archeology on the one hand, 
and the descriptive studies dealing with 
modern folk culture in Yucatan on the 
other, these investigations become in 
reality a case study for the illustration 
of those problems of Hispanic-American 
social history that are derived from the 
conflict and fusion of cultures. The Car- 
negie Institution has made it possible to 
carry on the necessary spade work in the 
unpublished documentary sources in the 
archives of Spain and America, and it is 
hoped that the program, when completed, 
will provide a detailed analysis of Span- 
ish colonial administrative processes as 
well as of theoretical policy and legisla- 
tion in this important area. 


Tue Hispano-INDIAN GOVERNMENT 


The basic pattern of Hispano-Indian 
society in Yucatan was clearly marked 
out by the end of the sixteenth century 
or about sixty years after the conquest. 
By that time a new ruling caste of for- 
eign origin, extremely jealous of its privi- 


leges, had obtained firm control over the 
destinies of the Maya race; the exploita- 
tion of Indian labor for the benefit of 
this caste had become an important prob- 
lem of interracial relations; and a con- 
siderable amount of fusion of culture, 
especially in the realm of religion, had 
taken place. During the remainder of 
the colonial period these basic problems 
of provincial society remained essen- 
tially the same. The methods of exploi- 
tation of Indian labor changed according 
to the needs of the ruling class. The pro- 
portion of Christian and pagan elements 
in the total content of belief and cere- 
monial by which the Indians made their 
adjustments with the invisible world 
varied from place to place and from time 
to time. But there was no essential 
change in the fundamental character of 
Hispano-Indian society. 

Several centuries prior to the Spanish 
conquest the Maya of Yucatan had estab- 
lished a measure of political unity. 
However, rivalry between the chieftains 
had caused the disintegration of central 
authority, and at the opening of the six- 
teenth century Yucatan was divided into 
a number of petty states or cacicazgos 
which frequently engaged in interstate 
warfare. Political leadership within 
each state tended to be concentrated in 
the hands of a ruling family, such as the 
Xius in Mani or the Cocoms in Sotuta. 
The unifying forces were cultural rather 
than political—a common language and 
a common fund of folk tradition. 

The Spanish conquest destroyed the 
independence of these states and reestab- 
lished territorial and political unity 
within Yucatan, but the reins of govern- 
ment were held henceforth by an alien 
race. Supreme political and military 
authority was exercised by the Spanish 
governors appointed by the Crown. Su- 
bordinate to the governors were various 
local officers and the governing councils 
of the Spanish towns. 

A measure of self-government was 
retained by the Maya in the Indian vil- 
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lages where local affairs continued to be 
controlled by native officers. In the 
beginning the Spanish authorities recog- 
nized the claims of former native lords 
and lesser nobles, and retained them as 
governors and principales of the pueblos. 
Moreover, during the sixteenth century 
eertain chieftains even continued to ex- 
ercise some leadership over areas that 
approximated the former petty states. 
But in the course of time the old rulers 
and their direct descendants were grad- 
ually removed from positions of influ- 
ence and leadership. 

This does not mean that the former 
ruling families lost all their old prestige. 
The Xius, for example, were recognized 
as having noble rank, and they obtained 
certain concessions and privileges, such 
as exemption from tribute, free labor on 
their farms and the right to possess fire- 
arms. They were also able to retain con- 
siderable holdings of land. But their 
influence as political and cultural leaders 
of the race was at an end. 


Tue Ruuine Caste 


The real governing class in Yucatan 
subsequent to the conquest was a group 
of about 125 families, made up of con- 
querors, first settlers and their descen- 
dants. Members of this group held most 
of the subordinate provincial offices, and 
they dominated the city councils of 
Merida, Campeche and Valladolid, mem- 
bership in which could be purchased and 
held for life. Control of the local coun- 
cils gave the conquerors and their descen- 
dants the means for resisting measures 
limiting their vested rights. They were 
frequently able also to force the provin- 
cial governor or the defender of the 
Indians to abandon policies for the ameli- 
oration of abuses of native labor and 
other reforms detrimental to the inter- 
ests of the ruling caste. Occasionally a 
provincial governor would try to 
strengthen his own position by the ap- 
pointment of relations or personal re- 
tainers to local offices, but the conquis- 
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tador caste would immediately present a 
forceful protest to the Crown and would 
usually be upheld. Special claims were 
also made on behalf of younger sons for 
preference in appointments to curacies 
in Indian towns and to offices in the 
cathedral of Merida. 

In so far as possible the conquistadores 
sought to keep their blood clean, at least 
the line which inherited property. A 
few formally contracted marriage with 
Indian women, but most of the unions 
between the two races were extramarital. 
Mestizo children born out of wedlock 
were sometimes legitimized, but the rul- 
ing caste used all its influence to prevent 
them from holding office. 


ENCOMIENDAS 

The most important privilege granted 
to the conquerors and their descendants 
in all parts of the Indies was prefer- 
ence in appointment to encomiendas. 
During the first half of the sixteenth 
century an encomienda grant was es- 
sentially the right to use the labor of 
a stated group of Indians without pay. 
But this led to such abuses that a fixed 
tribute usually payable in kind was 
introduced in lieu of service, with the 
result that the encomiendas became a 
form of pension. The encomenderos 
were always able, of course, to obtain a 
considerable amount of labor from their 
Indians by extra-legal means, but subse- 
quent to 1550 the essence of the system 
was tribute. 

In return for the tribute payments the 
encomenderos were supposed to assume 
responsibility for the indoctrination of 
their Indians, but this obligation became 
a mere formality in so far as personal 
assistance in the missionary program was 
concerned. The most important obliga- 
tion imposed by a grant of encomienda 
was military service, and in Yucatan the 
encomenderos were frequently called 
upon to defend the coasts or the port of 
Campeche against foreign corsairs. 


Grants of encomienda were made for two 
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lives or generations, but a third life was 
usually permitted by dissimulation on 
the part of the governing officials. 

In Mexico proper, i.e., in the area 
northwest of the Isthmus of Tehuan- 
tepec, about 55 per cent. of the Indian 
pueblos were held in encomienda, the 
remaining 45 per cent. paying tribute to 
the Crown. In Yucatan more than 90 
per cent. of the towns were granted as 
encomiendas. This fact may be explained 
by the limited resources of Yucatan and 
the lack of opportunity for profitable en- 
terprise other than agriculture. There 
were no mines; trade was limited mostly 
to dealings in those very native products 
of which the tribute payments were com- 
prised, viz., cotton cloth, maize, poultry 
and wax. In the sixteenth century 
grants of encomienda were practically 
the only means available for gratifying 
services performed during the conquest 
or for attracting new settlers to the 
province. 

It is not surprising, therefore, that 
there was keen rivalry for appointments 
to encomiendas, that the tendency of a 
governor to fill vacancies by choosing new 
arrivals in preference to members of the 
old families was always bitterly resisted, 
or that protests were made against every 
attempt by the Crown to bring the sys- 
tem to an end. Grants of encomienda 
continued to be made until 1785, when 
the Crown finally ordered all tributes to 
be paid into the treasury, but even then 
payments continued to be made to former 
holders of encomiendas during the re- 
mainder of their lives. 


VALUE oF TRIBUTE REQUIRED 


The value of the encomienda tributes 
varied considerably from time to time. 
In the beginning the levies were based 
on the number of married males, with 
certain exceptions for persons who en- 
joyed freedom from tribute for one rea- 
son or another, but in the 1580’s unmar- 
ried and widowed adults were also 
included in the matriculas or tribute 
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rolls, with an assessment of one half the 
amount paid by a married person. The 
tributes were payable in kind. At first 
a large variety of articles, such as cotton 
cloth, maize, poultry, wax, honey, salt, 
fish, pottery, chile, beans, etc., were in- 
cluded in the village assessments, but by 
the end of the sixteenth century only 
three staples were required, viz., cotton 
cloth, maize and poultry. In 1606 each 
married tribute payer was assessed about 
Six square yards of cotton cloth, about 
150 pounds of maize, one turkey and one 
chicken annually. There was also a con- 
siderable variation in prices between 
1540 and 1600. The full unit 
ment during this period seems to have 
been worth amounts varying from 
twenty-three to thirty-six reales, depend- 
ing on prices and the amount of goods 
payable annually. The 1606 assessment 
was worth thirty-one reales, or three and 
seven eighths silver pesos. 

It is difficult to make an estimate of the 
value of the annual tribute payments 
in terms of modern currency. Any true 
estimate would depend upon the pur- 
chasing power of the old Spanish silver 
peso as compared with that of the mod- 
ern Mexican Maize prices prob- 


of assess- 


peso. 


ably provide the best basis for estimating 
purchasing power, and it appears that in 
1606 the Spanish peso would buy at least 
four or five times as much maize as the 


present Mexican peso. On this basis the 
value of the annual tribute assessment 
for each married tribute payer in 1606 

yas 15.5 to 19.4 pesos in terms of modern 
purchasing power. 

A conservative estimate of the value 
of encomienda tributes in 1549 would be 
210,000 pesos. In 1606 they amounted 
to approximately 160,000 pesos. The 
largest encomienda in 1606 produced a 
gross revenue of 6,200 pesos, and the 
smallest 155 pesos. The average gross 
revenue was about 1,350. These sums 
should be multiplied by four or five to 
give the approximate purchasing power 
in Mexican pesos at present. The aver- 
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age gross income of about 1,350 pesos was 
a very generous sum, especially if we 
compare it with the governor’s salary of 
1,000 gold pesos or about 1,600 in silver. 

The average wage for unskilled Indian 
labor was probably not more than one 
half a real or one sixteenth of a peso per 
day. For example, in 1553, the clergy 
and the city council of Merida agreed to 
fix wages at the following schedule: (1) 
two reales a week plus food for ordinary 
labor; (2) four reales a month for house 
servants or permanent employees receiv- 
ing food and clothing; (3) twenty grains 
of cacao a day for porters carrying maize 
to Merida, a day’s journey to be counted 
as five leagues. At current prices in 
1553 this amount of cacao would have 
been worth no more than one fifth of a 
real, probably less. In the 1570’s com- 
mon labor received 300 grains of cacao 
per week, or between two and three 
reales. In 1578 carpenters working on 
the cathedral of Merida were paid one 
realaday. Thus one half a real per day 
may be regarded as a fair estimate of 
wages for unskilled labor. The value of 
the individual tribute assessment varied 
from twenty-three to perhaps thirty-six 
reales. At one half a real a day for cur- 
rent wages, the tribute assessment would 
represent forty-six to seventy-two days 
of labor, a truly astonishing figure! 


THE TRIBUTE AN ExcesstvE BuRDEN 


The excessive burden of the tributes is 
indicated also if we try to arrive at some 
estimate of what the unit of assessment 
represented in terms of maize consump- 
tion. In 1606 the total value of the 
assessment for a married adult was 
thirty-one reales. Maize in that year was 
valued at four reales for about seventy- 
five pounds. The total assessment repre- 
sented, therefore, the value of about 580 
pounds of maize. Steggerda has found 
that at the present time the average con- 
sumption of maize per person is about 
1.33 pounds per day, or for a family of 
five about 6.7 pounds. The 1606 assess- 


ment for the head of a family considered 
in terms of maize would, therefore, pro- 
vide for the needs of a family of five for 
eighty-seven days. We can not be sure 
that the consumption of maize per per- 
son or per family was the same in 1606 
as at present, but in view of the fact that 
maize has always been the most impor- 
tant article of diet, the variation would 
not have been great. 

But the tribute formed only a part of 
the total burden of payments which the 
Indians had to make. Each married 
adult paid one real a year into a com- 
munity fund to provide for the local 
pueblo government. There were gifts to 
the village priest or to the bishop for 
extraordinary services. A share in the 
expenses incident to the construction of 
churches and monastic foundations in the 
important towns was borne by the In- 
dians, as well as one third of the cost of 
building the cathedral of Merida. Extra- 
legal demands, especially for food and 
shelter whenever the encomenderos and 
their retainers visited the pueblos, were 
common. And twice during the second 
half of the sixteenth century the Crown 
asked for loans or donations. 


System or Forcep Lasor 


When the Crown ordered the abolition 
of the labor phases of the encomienda 
system, it had to provide some substitute, 
as the colonists were dependent on the 
natives for house servants, unskilled 
laborers for various services, burden 
bearers and semi-skilled artisans for 
house building and public works. The 
Spaniards were free to employ all the 
labor they needed at the current rate of 
wages, but the supply of Indians willing 
to work, even for pay, was often inade- 
quate. Consequently, the Crown found 
it necessary to authorize a system of 
forced labor by which quotas of workers 
were summoned periodically from the 
Indian pueblos to serve in the mines, on 
farms, on building operations or in work- 
shops of various kinds. For this labor 
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they received wages at a fixed rate. This 
system of forced labor was generally ap- 
plied in all parts of the Indies. 

In Yucatan the demand was chiefly for 
house servants, building workers and 
porters. The employment of Indians as 
porters, or burden bearers, is the most 
interesting phase of the labor problem 
in Yucatan prior to 1600, and it illus- 
trates the manner in which the humani- 
tarian principles of legislation so often 
had to give way before the hard facts of 
administration. 

Informed that the use of Indians as 
porters in various parts of the Indies 
had resulted in very serious abuses, the 
Crown issued orders strictly limiting this 
form of labor to areas where pack ani- 
mals were lacking or could not be used— 
and even in such areas the Indians 
were not to be foreed against their 
will to perform this kind of service. 
In Yucatan for twenty years after the 
conquest there were few roads or pack 
trails, and the supply of oxen, horses and 


mules was inadequate. Consequently the 
employment of Indian porters was uni- 
versal. The most important demands for 
this kind of service came after harvest, 
when the maize that was paid as tribute 
or purchased for export had to be carried 
from the villages to Merida and the other 


Spanish towns. The wages for this form 
of labor were probably the lowest that 
were paid ; the average load of maize was 
between fifty and seventy-five pounds; 
and a day’s journey, according to the 
wage scale, was five leagues. Moreover, 
the Indians were given no choice in per- 
forming this service. Levies were called 
on order from the provincial governor, 
and caciques who refused to furnish the 
necessary number of porters were fined 
or imprisoned. 

In 1563 the alcalde mayor served 
notice on the encomenderos that within 
one year they should purchase carts and 
animals for transportation of the tributes 
on the new roads being opened up, but 
this order was never executed. In the 
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1570’s the defender of the Indians 
brought suit to force the encomenderos 
to give up the porter system, but after 
long litigation the matter was left to the 
discretion of the governor. The en- 
comenderos made of the obvious 
argument that the Indians had always 
been burden bearers, inasmuch as they 
had never had pack animals. The de- 
fender’s plea was based (1) on the defi- 
nite royal order that Indians should not 
be forced to perform this form of labor 
against their will, (2) on the alleged 
abuses of the system, especially the ex- 
hausting character of the work, and (3) 
the inadequate wages. 


use 


A DEFENDER OF THE INDIANS 


That the employment of Indian labor 
in Yucatan gave rise to numerous abuses 
and hardships is beyond question, but a 
large part of the documentary evidence 
is too circumstantial to be useful. Buta 
brief review of the career of one of the 
defenders of the Indians who made a real 
effort to ameliorate labor conditions wil! 
indicate how difficult it was to mitigate 
the abuses which existed. 

Francisco Palomino was appointed de- 
fender of the Indians in Yucatan in 1569 
and served with brief interruptions until 
1586. The energy and fearlessness with 
which he denounced flagrant cases of 
maltreatment of Indian laborers quickly 
earned him the enmity of both the gov- 
ernor and the encomenderos. The latter 
bought up his debts, hoping to bankrupt 
him, but he was saved by the intervention 
of Bishop Landa, who loaned him money 
with which to meet his obligations. He 
was removed from office by the governor, 
but was later reinstated by the Audiencia 
of Mexico. The governor then made pub- 
lic a memorial addressed to the Crown by 
Palomino in which he accused the en- 
comenderos of various acts of violence 
and other abuses against the Indians. 
The encomenderos brought suit on the 
charge of slander, and Palomino was 
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forced to make a personal appeal to the 
Council of the Indies. The king sent him 
back to Yucatan to continue his labors, 
but a few years later he was once more 
removed from office by the governor, and 
he died while preparing to make one more 
journey to Spain to seek vindication. 
Palomino’s long but futile campaign 
commands our sympathy. Unfortu- 
nately, he was a voice crying in the 
wilderness. 


EFrrect or CHRISTIAN RELIGION 


The introduction of the Christian re- 
ligion had just as profound effects on the 
traditional folk culture as the loss of 
political independence or the imposition 
of a system of tribute and labor which 
made the Maya ‘‘hewers of wood and 
drawers of water’’ for an alien race. It 
may have required an even greater de- 
gree of adjustment for the Maya to 
accept a new religious faith than to 
change political rulers. 

The temple worship with its traditional 
ritual was the most highly formalized 
part of native religion, and the priestly 
class, as custodians of that knowledge 
which enabled them to perform the tradi- 
tional ceremonies at proper intervals and 
to mediate between the people and the 
powers of the invisible world, exercised 
tremendous influence. But every indi- 
vidual, as he followed the daily round of 
life, planted his milpa, shared in the com- 
munal hunt, tended his bees and faced 
the crises of life, performed a series of 
acts that were religious or had implica- 
tions of a religious character. The old 
tradition provided him with explanations 
for the phenomena of nature and the 
means for propitiating supernatural 
powers. It gave him standards of con- 
duct and answers to the riddle of life. 

And now, suddenly, he was informed 
that these traditional modes of life were 
wrong. A new God, new ceremonial- 
practices, a new priesthood and new 
standards of conduct were offered to him 
—indeed forced upon him. That the 


new faith brought to the Maya definite 
benefits is too self-evident to require dis- 
cussion. But it also had powerful reper- 
cussions on Maya life and folk achieve- 
ment which we are likely to forget. 


Tue Missionary ProGRaAM 


The missionary program had two 
phases—the positive and the negative. 
The positive phase included the teaching 
of a few essential elements of Christian 
faith and ceremonial; the negative con- 
sisted of measures to destroy the old cult, 
and, in so far as possible, the confidence 
of the Indians in the efficacy of the old 
ways. 

The diocesan instructions of the first 
bishop, Fray Francisco de Toral, set 
forth the essential aims of the mission 
program in this early period. The In- 
dians were to be baptized as rapidly as 
possible after receiving some instruction 
in the new faith. This instruction should 
emphasize such fundamental concepts as 
the belief in one God, the nature of the 
Trinity, the Incarnation and the Virgin 
Birth. A few prayers were to be taught, 
such as the Pater Noster and the Ave 
Maria, and these were to be followed by 
the Creed. Reverence for the Cross, re- 
spect for the clergy and punctual attend- 
ance at mass were stressed. Persons in 
danger of death were to be given general 
confession and called upon to renounce 
the devil and the idols by which he de- 
ceived men. Especial care was to be 
exercised in teaching the true character 
of the sacrament of marriage, and the 
degrees of carnal and spiritual relation- 
ship within which marriage was pro- 
hibited. 

But even these few essentials involved 
a drastic change in the religious life of 
the natives, and the Spanish authorities, 
secular as well as ecclesiastical, realized 
that only by utmost vigilance could this 
minimum program succeed. The great- 
est threat to the new ways was the in- 
fluence of the native priests and caciques 
and the continued practice of pagan 
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ritual. Consequently the negative phase 
of the missionary program was hardly 
less important than the positive. The 
celebration of Indian festivals at night 
was expressly forbidden, those per- 
formed during the day were carefully 
supervised and the wearing of old cere- 
monial costumes prohibited. Secret 
gatherings in the houses of caciques were 
not permitted, lest these meetings be 
made a means of perpetuating the knowl- 
edge of the old ways and the influence of 
the native leaders. The custom of em- 
ploying a casamentero, or native mar- 
riage maker, was forbidden, as a means 
of ensuring the free character of Chris- 
tian marriage. Body painting and the 
use of ear-plugs and nose ornaments were 
prohibited. 

Enforcement of mission discipline re- 
quired constant vigilance and effective 
disciplinary measures. The form often 
employed for serious offenses was cor- 
poral punishment. Persistent offenders 
were frequently banished from the pueb- 
los, and from time to time the clergy, in 
conjunction with civil authority, exacted 
even more stringent punishment, espe- 
cially for cases involving practice of the 
forms of idolatry. 


DISCIPLINARY MEASURES 


The most celebrated case occurred in 
1562. Informed that the Indians in the 
southern part of the province were per- 
forming idolatrous practices, Fray Diego 
de Landa, provincial of the Franciscans, 
with the consent and aid of the civil 
authorities, made a thorough investiga- 
tion. Torture was used to obtain evi- 
dence, and several Indians confessed 
participation in human sacrifice. Later 
these same Indians repudiated their tes- 
timony, asserting that they had made 
false statements in order to escape the 
rigors of torture. Sentences of various 
kinds—fines, whipping, and in some cases 
a period of personal servitude varying 
from two to ten years—were imposed on 
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the persons convicted of having taken 
part in idolatrous practices, but many of 
these sentences were later commuted to 
lighter forms of punishment by Bishop 
Toral. Thousands of idols were gathered 
and destroyed. In a few cases the bodies 
of deceased idolaters were exhumed and 
burned. Several Indians who had been 
denounced as participants in human sac- 
rifices, of whom the most important was 
Lorenzo Cocom of Sotuta, committed 
suicide. 

Perhaps the most interesting thing in 
the entire manuscript record of this 
famous incident is the clear indication 
that the persons against whom Landa and 
the alealde mayor directed their attack 
were the caciques, the lesser chieftains 
and the native school masters. Ten chief- 
tains of Mani were arrested and held in 
jail in Merida; seventeen from Sotuta; 
nine from Homun; thirteen each from 
Yaxcaba and Canchunup; as well as a 
long list from other pueblos. Altogether 
more than one hundred were thus pub- 
licly punished and humiliated. We 
should not be too critical of Landa and 
the alcalde mayor, especially if we realize 
that the evidence, obtained by torture or 
the threat of torture, it is true, and later 
repudiated, seemed to indicate the prac- 
tice of human sacrifice. They were the 
agents of a virile, dominant culture which 
justly regarded such practices as an 
abomination. 

But my point is not to argue the 
superior quality of European civilization 
and the Christian faith—they do not 
need an advocate—but to direct attention 
to the fact that by discrediting the 
former political and religious officers the 
authorities were attacking the intellec- 
tual leaders of the race. These men were 
the custodians of the complicated chro- 
nology and hieroglyphic writing which 
were such essential elements of the whole 
body of folk tradition. By holding them 
up to public humiliation, by a definite 
process of eliminating them from posi- 
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tions of influence and authority, by ban- 
ishing them from their traditional 
haunts, by forcing them to practice their 
profession in secret, if at all, the civil and 
ecclesiastical authorities were striking a 
serious blow at some of the greatest 
achievements of the race. 

As usually happens, however, the lead- 
ers of the conquering race, having dem- 
onstrated their superiority, turned anti- 
quarians and preserved for us some 
knowledge of the traditional Maya learn- 
ing. And of these antiquarians, Landa 
was the greatest! 


Oup Farrn Not WHoLLY DESTROYED 


But despite the stern measures for the 
punishment of idolatry taken in 1562 and 
on other occasions later in the century, 
a considerable amount of folk religion 
survived as part of the everyday life of 
the people. What was lost was the 
temple ritual and the learning of the 
caciques and priests. The net result was 
to impose a veneer of Christian practice 
without wholly destroying the old faith. 

The reasons for the failure completely 
to substitute the new faith for the old are 
numerous. During the first century 
after the conquest there was a lack of 
clergy. A single friar or secular priest 
sometimes administered a parish of sev- 
eral thousand. Moreover, the language 
problem was never surmounted. The vil- 
lage schools did not succeed in teaching 
Spanish to more than a small proportion 
of the Maya. Many of the clergy, it is 
true, learned the native language, but 
due to the fact that a large number of 
priests, especially in the Franciscan 
Order, were recruited in Spain, it may 


be doubted whether more than 60 per 
eent. of the clergy were proficient in 
Maya at any given time. Frequent peti- 
tions were made asking the Crown to 
order preference for clergy born in Yuca- 
tan in appointments to curacies, but dur- 
ing the first two centuries these petitions 
had little effect. Rivalry between the 
secular and regular clergy also reduced 
the effectiveness of the small and inade- 
quately trained group available for the 
missions. Moreover, the lack of coopera- 
tion on the part of the civil authorities 
and the eager desire of officials and 
colonists alike to exploit Indian labor 
hindered the progress of the missionary 
program from the beginning. Finally, 
we must not forget that there was always 
a means of escape for the Indian who 
refused to accept the new régime. Hun- 
dreds escaped into the central part of 
Yucatan, where they could practice the 
old religion without interference from 
the Spanish clergy or civil authorities. 
And these settlements in the bush became 
in turn centers from which the folk re- 
ligion could be ‘‘bootlegged’’ back into 
the conquered area. 

The fate of the Maya was essentially 
the same as that of other aboriginal popu- 
lations which have been brought into con- 
tact with a more advanced civilization. 
The influence of the intellectual leaders 
was gradually lessened. But everyday 
elements of culture, the language, the 
simple agricultural economy and a body 
of superstition that was preserved under 
the surface of a new cult remained, due 
largely to the inertia and powers of re- 
sistance of the masses. 
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SCIENTIFIC ADVANCE, MEDIEVALISM AND 
MODERN BUSINESS 


By Dr. JOSEPH MAYER 
HONORARY CONSULTANT IN SOCIOLOGY, LIBRARY OF CONGRESS 


In the fourteenth century a series of 
disastrous occurrences gave tremendous 
impetus to forces which had long been 
accumulating in Europe and which 
eventually broke the vast power of the 
feudal hierarchy and the absolute au- 
thority of the Church. The depletion of 
the soil with extensive crop failures and 
great famine of 1315-16; the Black 
Death of 1348-49, which wrought in- 
credible havoc and reduced the popula- 
tion 30 per cent. to 50 per cent.; the En- 
glish Statutes of Labourers, beginning 
with 1349 and reenacted for a century 
and a half, which aimed to stem the 
growing tide of higher prices and wages ; 
the abortive Peasant’s Revolt of 1381; 
the Enclosures of England and the ex- 
tensive turning of farm lands into sheep 
walks to supply a rapidly-growing for- 
eign trade—these and similar occur- 
rences marked the passing of serfdom 
and villeinage, the eclipse of small-town 
life (where craftsman rose from appren- 
tice and journeyman to independent 
master), the ascent of a relatively few 
powerful merchant adventurers and in- 
dustrial barons to positions of wide- 
spread economic control and the begin- 
nings of the modern business system. 
In this transition feudal lord, emperor, 
king, pope and city merchant-indus- 
trialist struggled to retain or to gain 
supremacy. 


TECHNOLOGICAL AND SCIENTIFIC ADVANCE 


As a result of these struggles for 
power, the fate of medieval Europe might 
well have been that of the ancient Greek 
city-states or of the Roman Empire had 
it not been for important technological 
and scientific developments which oc- 


curred in Europe during the same gen- 
eral period. 

First, there was the thorough-going 
utilization by Europeans of three devices 
which in cruder form had been known 
for a long time, namely, the mariner’s 
compass, gunpowder and the printing 
press. Improvements in these devices 
now opened up for Europe hitherto un- 
heard-of opportunities for geographical 
discovery, colonization and further plun- 
der; sealed the fate of the knight-errant 
with all his spectacular paraphernalia; 
and rendered the stored-up knowledge of 
the privileged few ultimately accessible 
to the humblest peasant. The effect of 
such advances upon the rise and spread 
of modern nationalism, imperialism, de- 
mocracy and popular education, and the 
repercussions of these upon the economic 
structure and the extension of the mod- 
ern business economy can hardly be over- 
estimated. 

By the fifteenth and sixteenth centu- 
ries, the first effects of these develop- 
ments had already helped here and there 
to resolve the afore-mentioned struggles 
in favor of king, city and nation, and the 
scene of conflict was shifting to the inter- 
national arena. The tremendous expan- 
sion of trade and industry following the 
Crusades of the earlier centuries and the 
later Portuguese and other voyages of 
discovery threw off medieval restrictions 
upon price movements and money-lend- 
ing; the Protestant Reformation merely 
accelerated these developments; and the 
influx into Europe of plundered silver 
and gold from the New World, in addi- 
tion to an increase of indigenous mining 
of precious metals, still further disrupted 
existing systems of prices. A veritable 
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commercial revolution was the result. 
Developments in the succeeding centu- 
ries followed in natural order: the rise 
of one monarchial nation after another 
to world power (Spain, Holland, France, 
Sweden, Russia, Prussia, England); a 
scramble for possessions overseas, in 
North America, India, Africa and else- 
where; the development in the United 
States and France of modern democracy. 
These political and economic changes 
were in the main the natural consequences 
of the technical advances mentioned. 
Second, with the eighteenth century, 
scientific progress brought even more 
revolutionary changes in the economic 
realm, as an outgrowth, to begin with, of 
Newtonian physics and, later, as chemi- 
eal discoveries added to man’s increasing 
control over natural forces. The so- 
called industrial revolution, which fol- 
lowed the commercial revolution, was in 
essence a mechanical revolution. Ma- 
chinery driven by artificial power, rapid 
transportation by railroad and steam- 
ship, world communications by ocean 
cable and electric telegraph, greatly in- 
creased use of structural materials and 
gigantic building with iron and steel, 
steam power followed swiftly by electric 
power and then by gasoline combustion 
and by the mass production of machines 
and appliances previously undreamed-of 
—these were the significant elements in 
the industrial advance. Nor were the 
political and social effects of the me- 
chanical revolution any less important— 
the rise in living standards, the abolition 
of chattel slavery, the spread of popular 
education and the extension of demo- 
cratic controls being among them. It 
was in the main scientific discovery and 
technological applications thereof which 
made the modern world a more promis- 
ing dwelling-place for people in the mass 
than were even ancient Greece and Rome 
for a relatively few citizens at the height 
of the glory and splendor of those nations. 


FurTHER DEVELOPMENTS OF THE MARKET 
AND Price Systems: THE MoDERN 
Business Economy 

Further effects of revolutionary tech- 
nological and scientific advance upon the 
institution of the market and price sys- 
tem have been mainly in the direction of 
a greater elaboration and complexity on 
the one hand and of a marked instability 
on the other, bearing in mind that the 
chief purpose of the institution con- 
tinued to be served, namely, the yielding 
of feudal tribute, in so far as the medi- 
eval period lingered on, and the yielding 
of interest, dividends and profits, in so 
far as the modern business economy took 
more definite form. 

In the various struggles between 
church and state, feudal lord and king, 
landed aristocracy and town merchant 
and industrialist, the chief economic is- 
sue continued to be one of what domi- 
nant class was to secure the greatest 
share of the medieval ‘‘spoils’’ or ‘‘sur- 
plus.’’ In this conflict between domi- 
nant classes, the social and economic 
status of the people was little enhanced, 
and in some respects it continued to grow 
worse. The people still lacked political 
power; and the laws and judicial pro- 
cedure covering property and status for- 
mulated by the feudal overlords—to- 
gether with the ecclesiastical and dialec- 
tical sanctions supplied by the medieval 
Church—continued to offer innumerable 
stumbling-blocks to an improvement in 
general living conditions. Furthermore, 
until more recent times, the efforts of the 
people had to be concentrated upon the 
more immediate problem of securing 
greater personal and political freedom. 
Only as that primary problem came to be 
solved in some measure, could the people 
hope for any real success in attacking 
the problem of improving their economic 
status. 

-The ‘‘price revolution’’ of the six- 
teenth and seventeenth centuries, due 
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mainly to the influx of silver and gold 
from the New World (from Mexico, Peru 
and Brazil), produced marked effects 
upon estate holdings, colonization, export 
trade, ship-building and money lending. 
In the seventeenth century the London 
goldsmiths developed their operations as 
deposit bankers, lent money at interest, 
began to pay interest on deposits and 
finally issued ‘‘ promises to pay’’ or gold- 
smiths’ notes. The Bank of England 
was established in 1694. 

At the same time, English wholesale 
and retail trade and foreign commerce 
became greatly augmented, the pictur- 
esque fair declined, large-scale business 
enterprises multiplied, insurance and 
hedging took on sizable proportions, the 
collapse of the Mississippi and South Sea 
undertakings in 1720 marked the begin- 
nings of even greater speculative ven- 
tures, severe business crises followed with 
every passing decade during the second 
half of the century, and the London 
Stock Exchange came into being in 1773. 

A new monied class now began to vie 
with industrialist and merchant for a 
share of the ‘‘surplus’’ through invest- 
ment and banking operations, and the 
frenzied finance of modern times with its 
kaleidoscopic crop of millionaires and 
multi-millionaires was ushered in. Like- 
wise, attention became focused here and 
there upon problems long neglected by 
the classical economist. 

The commercial, trading and financial 
transformations just described paved the 
way for the establishment of the modern 
business economy, the most significant 
economic development of the period 
under review. The essential elements of 
any business system are a sufficient po- 
litical security for the regular enforce- 
ment of trade contracts, some recognized 
medium of exchange, the accumulation 
of surplus stocks of goods and the con- 
duct of enterprises for the primary pur- 
pose of profit making. Neither barter 
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nor a household or manorial economy in- 
volves all these elements. 

Various ancient states had developed 
business economies—maritime and mer- 
chandizing trade, money and banking 
facilities and profit-making ventures hav- 
ing been elaborated to a considerable de- 
gree. But business practices then, and 
on a reduced scale throughout the medi- 
eval period, were confined almost entirely 
to commerce and finance. Industry as 
such was primarily a household affair, 
and agriculture was carried on chiefly by 
slave or serf labor with non-business fac- 
tors and processes predominating. 

What distinguishes the modern busi- 
ness economy from earlier forms is its 
extension to industry and agriculture, 
particularly to the mass production of 
fabricated commodities with the use of 
highly developed machine technique, 
made possible by the scientific advances 
outlined. 

If, toward the end of the eighteenth 
century, England led the way, as she did, 
in the extension of business practices to 
industry, it was because of the afore- 
mentioned wide expansion of her trade, 
the proficiency of her merchant-adven- 
turers in the arts of finance and money- 
making, the development of her textile 
industry on a machine basis, ready ac- 
cess to the raw materials necessary for 
large-scale industrial use, and because 
the enclosures of her agricultural lands 
drove large numbers of dispossessed 
peasants to the cities, where they could 
be readily utilized as factory laborers. 
The relative political security of En- 
gland and the liberality of her laws of 
contract were also important factors in 
this development. 

On the Continent, conditions were not 
as favorable. The Napoleonic and other 
wars of conquest and the continuance of 
medieval restrictions held back indus- 
trialization and the expansion of busi- 
ness there. Furthermore, in France the 
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workers remained relatively secure in 
their medieval agricultural pursuits, in 
Germany and Italy the struggles between 
petty feudal lords and ecclesiastical 
powers continued to render difficult any 
unified national development, and other 
countries remained even more backward. 

To colonial America, European settlers 
had brought the economic customs of the 
home countries, including old-world 
ideas of property, status and the market 
and price system. For a time frontier 
life in a new land caused a reversion to 
barter and economic activity for immedi- 
ate use rather than for profit; but by the 
end of the nineteenth century, the fron- 
tier in the United States had virtually 
disappeared, the modern business econ- 
omy had been quite generally estab- 
lished, and American industry and trade 
fashioned upon European precedents 
had assumed a place of world leadership. 
In agriculture, financial organization 
and investment control, however, Amer- 
ica still lagged behind England. 


CHANGES IN Economic THOUGHT 
AND Po.icy 


While vast scientific and technological 
changes were in process and as a result 
industrial and political units were grow- 
ing enormously more complex and the 
modern business system was becoming 
more or less universal in scope, the world 
of economic thought and policy remained 
curiously stagnant, or, rather, the feudal 
structure of legalistic, judicial and ec- 
clesiastical controls and their dialectical 
rationalization continued with little 
change so far as the main stream of eco- 
nomic thought and action was concerned. 
For the most part during the transition 
period, the process of rationalizing and 
apologizing for things-as-they-are went 
on unabated. The subtle medieval dia- 
lectic, with its apologetics for the status 
quo, could hardly be improved upon, 
and so it survived with merely a change 
in emphasis and direction as to what 


form of dominant tribute-taking was to 
be regarded as “‘proper”’ or ‘‘right.’’ 


MoperN MERCANTILISM 


With the triumph of monarchy and 
nationalism in the sixteenth, seventeenth 
and eighteenth centuries, a reawakened 
doctrine of mercantilism succeeded the 
doctrine of the ‘‘just price,’’ to the 
rationalizing tenets of which it added 
little beyond the revival of certain 
Roman and other ancient trading dog- 
mas. For the rest, the medieval tribute- 
rendering structure continued to be left 
unquestioned, except that now most of 
the “‘surplus’’ went to king, merchant 
and industrialist. 

Though English, French and German 
definitions of renascent mercantilism 
differ somewhat in outlining its extent 
and significance, there is general agree- 
ment that it constituted part of the na- 
tionalistic policy of growing monarchies 
in bringing territorial unity out of feu- 
dalism and in enhancing the wealth and 
commercial power of a given state in 
competition with other states. Modern 
mercantilism sought primarily to make 
the rising nation as such powerful and 
prosperous, toward which end monarchi- 
eal regulation of economic affairs was 
extended to the most humdrum of activi- 
ties. In England, unity had been 
achieved and feudalism was already on 
the wane by the fourteenth century, but 
on the Continent, where disruptive feu- 
dal influences continued four to five cen- 
turies longer, various town monoplies 
and river, highway and other local tolls 
and exactions obstructed the free move- 
ment of trade and the extension of the 
business economy. 

Besides resulting ultimately in the cor- 
rection of such internal disharmonies 
and obstructions through drastic nation- 
alistic decrees, the expansion of modern 
trade beyond state boundaries brought 
additional occasions for centralized gov- 
ernmental control. Special trading com- 
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panies were chartered under severe re- 
strictions (as in Spain, Portugal and 
France) or under dearly-bought privi- 
leges (as in Holland and England). In 
England, where such restrictions were 
least in evidence, attempts were never- 
theless made (as in the Bubble Act of 
1719) to check the growth of the ‘‘com- 
pany’’ in industrial organization. Crude 
ideas were also held and carried into 
effect, in connection with mercantilistic 
tenets, about the virtue of encouraging 
exports and hampering imports and 
about the alleged necessity of collecting 
a large national stock of precious mone- 
tary metals to assure the state’s wealth 
and prosperity, ideas which Adam Smith 
later severely criticized together with the 
related conception that wealth can be 
measured primarily in terms of gold and 
silver. It can not, however, be said that 
even to-day we have advanced very far 
in clarifying these ideas. It seems, in 
fact, that we have recently taken a new 
fancy to some of them. 

To return to the historical account: 
During the two or three centuries that 
modern mercantilism held sway, nations 
rose and fell in wealth and power. At 
the same time, merchant adventurers 
and industrial barons prospered increas- 
ingly ; and as their wealth and power in- 
creased, so did their disregard of onerous 
mercantilistic restrictions. Also, in a 
growing number of instances, regimented 
mercantilistic restraints broke down of 
their own weight. And finally the physi- 
ocrats and Adam Smith cast general 
doubt upon the virtue of the doctrine. it- 
self, by launching the opposing doctrine 
of laissez-faire, which aimed to prove 
that nations could become even greater 
and more prosperous if mercantilism 
were abandoned and neither the state 
nor any other coercive body were allowed 
to interefere with what was being rede- 
fined as a ‘‘natural order’’ of economic 
harmonies, automatically regulated by 
the spontaneous actions of individuals in 
their own interest. 
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LAISSEZ-F'AIRE 

The idea of laissez-faire is encountered 
fairly early among Italian economists, 
but it apparently first took firm hold in 
the eighteenth century in France among 
the merchants (as Gournay and Le- 
gendre) and among the physiocrats in 
their fight against mercantilistie restric- 
tions. In England, Adam Smith pro- 
mulgated it at the end of that century, 
and it became current there with John 
Stuart Mill in the middle of the nine- 
teenth century. 

Besides representing a protest against 
mercantilistic restrictions in general, 
laissez-faire was, at the beginning, also a 
protest against any taxation of industry 
by the state, both of which were natural 
enough protests at the time, since gov- 
ernmental restrictions and taxation alike 
continued to reflect efforts by king and 
feudal baron to maintain the medieval 
tribute-rendering mechanism intact. In 
the end, for one reason or another, lais- 
sez-faire swept the realms of theory and 
policy alike and, at least so far as the 
older form of modern mercantilism was 
concerned, occasioned the abandonment 
of that doctrine. The acceptance of 
laissez-faire as a national policy acceler- 
ated the spread of the modern business 
economy. 

Theoretically, certain of the assump- 
tions of laissez-faire are highly impor- 
tant, since they allegedly take into ac- 
count the welfare of every citizen and 
not simply that of a powerful few. In 
the main, these assumptions are: (1) that 
every individual naturally and with 
thorough-going rationality pursues his 
own interests; (2) that he can best fol- 
low his bent if left to himself, unham- 
pered by governmental restriction or 
private organization; (3) that in freely 
pursuing his own interests, each indi- 
vidual, whether employer or workman, 
will amass the maximum of wealth for 
himself; and (4) since national wealth is 
merely the sum of individual fortunes, 
that the nation’s wealth and happiness 
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must under laissez-faire reach its maxi- 
mum. As part of this doctrine, Adam 
Smith consistently argued against the 
chartering of joint stock companies, on 
the ground that, in such organized busi- 
ness concerns, collective management is 
substituted for individual enterprise. 
Laissez-faire was, therefore, among other 
things originally directed against tariffs, 
diversions of trade or of precious metals 
from the channels of their ‘‘natural 
flow,’’ corporate business organization 
and monopolies of every variety. 

Left out of account, however, by Adam 
Smith and his followers, were certain 
practical conditions and developments 
which in large part nullified their theo- 
retical assumptions. These nullifying 
factors were in part: (1) the medieval 
tribute-rendering mechanism was still 
intact in its legal, judicial and practical 
aspects, sharply differentiating the he- 
reditary property-holding rights and 
privileges of the few from the obligations 
and social submergence of the many, 
making it impossible for the common 
people to pursue their own interests un- 
hampered and enabling the merchants 
and industrialists to continue to secure 
increasing advantages for themselves. 
(2) These feudal restrictions and tradi- 
tions made it extremely simple for those 
who had money and property to gain 
more money and property, while render- 
ing it difficult for others to secure even 
a foothold. (3) The assumption of a pre- 
dominance of rationality in economic be- 
havior was not in accord with the facts. 
(4) The supposition that a removal of 
mercantilistic restrictions would leave 
competition free, either as between the 
ruling classes and the masses or as be- 
tween competing merchants and indus- 
trialists, was thus unwarranted, both be- 
cause of the continued existence of the 
feudalistic mechanism of political and 
economic controls and because of the 
lack of any regulation to prevent mer- 
chants and industrialists from getting 
together and restricting competition in 
their own interests. 


It did not take long for some of the 
shortcomings of laissez-faire to become 
manifest: Women and minors were 
treated seandalously in the factories, so 
that it had to be conceded that probably 
they did not know ‘‘their own interests’’ ; 
factory conditions in general brought 
new industrial uncertainties to wage- 
earners until their lot became notori- 
ously bad; monopolies developed ram- 
pant, despite the vaunted benefits al- 
leged to flow from ‘‘free enterprise’’ in 
preserving competition. These difficul- 
ties brought new legislative restrictions, 
though of a somewhat different character 
from the older mercantilistic decrees. 

But despite all this, the unreal as- 
sumptions of laissez-faire accorded so 
well with the aims of growing business 
and with the inchoate structure of eco- 
nomic thought previously devised by ec- 
clesiastical and scholastic dialectic in 
connection with the doctrine of the ‘‘ just 
price,’’ that the practical difficulties 
(where recognized) came to be looked 
upon by business men and economists 
alike as mere aberrations or exceptions 
to the alleged beneficent ‘‘laws of na- 
ture.’’ Nor did this further refinement 
of scholastic dialectic stop here. With 
the launching of Benthamism and utili- 
tarianism, other powerful sanctions were 
added to the ‘‘natural order of economic 
harmonies.’’ Now not only was man, in 
seeking his own interests, assumed to ar- 
rive at the maximum of material gain for 
himself and for society, but he was thus 
also assumed to arrive at the greatest 
possible pleasure for himself and for 
every one. 

This reasoning was still largely on the 
side of productive effort (of the maxi- 
mum supply of goods and pleasures), the 
technical economic arguments being di- 
rected to the idea of ‘‘cost.’’ Then came 
William Stanley Jevons in England and 
the Austrians on the Continent, who em- 
phasized ‘‘utility’’ to the consumer or 
the pleasures involved in demand. 
Henceforth, the classical justification via 
laissez-faire departed somewhat from the 
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Smith-Ricardian ‘‘cost’’ pattern for the 
new pattern of ‘‘utility,’’ and the con- 
demnation of governmental and monopo- 
listie restrictions was shifted to the con- 
tention that these do not allow ‘‘free 
play’’ to consumer demand. The “‘natu- 
ral-order of economic harmonies’’ was 
still retained, but in measuring ‘‘plea- 
sure’’ and thus ‘‘value,’’ the emphasis 
was changed from a ‘‘natural pursuit of 
one’s own interest’’ to the prices con- 
sumers are ‘‘willing’’ or ‘‘offer’’ or are 
‘‘prepared’’ to pay. Later came the 
final refinements of eclecticism, demand 
and supply being viewed as ‘‘two sides 
of the same shield’’ or as the ‘‘two blades 
of the price-setting shears,’’ and the clas- 
sical structure was complete. Bulwarked 
by Benthamism, marginalism, Austrian- 
ism and eclecticism, its general scheme 
of dialectic seemed to grow ever more 
plausible. 

To what an extent this whole structure 
of classical and neo-classical economic 
thought, despite its surface plausibility, 
is interpenetrated with unwarranted as- 
sumption and false reasoning, the pres- 
ent writer has already had occasion to 
examine at length elsewhere. Here we 
are chiefly concerned to call to mind the 
major respects in which, with the aban- 
donment of mercantilism, changing eco- 
nomie conditions and the establishment 
of modern business as an outgrowth of 
scientific advance did not conform to the 
‘*natural’’ course of events predicted by 
laissez-faire. 

That the latter failed in its theorizing 
to take into account the conditioning réle 
of medieval economic institutions has al- 
ready been pointed out. Its further fail- 
ures in prediction and in even surface 
consistency may in part be summarized 
as follows: (1) Despite the withdrawal 
of governmental assistance, corporate 
business organization underwent no natu- 
ral decline; on the contrary, its spon- 
taneous growth is one of the outstanding 
features of modern industry and busi- 
ness; hence the arguments of laissez- 
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faire, based upon an inevitable victory 
for individual initiative and enterprise 
(if left to themselves), lose much of their 
significance. (2) Monopolies and com- 
bines have already been mentioned ; they 
grew apace as corporate enterprise grew, 
until we witness the incongruous specta- 
cle of governments issuing regulations to 
break them up, in the name of a laissez- 
faire one of whose primary protests was 
against state interference. (3) Simi- 
larly, we observe state after state passing 
factory acts to remove some of the ‘‘un- 
happy’’ conditions caused by a laissez- 
faire which insisted that happiness could 
be brought about by ‘‘natural laws’’ 
alone. (4) Again, as large-scale indus- 
trialism and business developed, salaried 
managers increasingly took over the 
actual conduct of business and the profit 
incentive shifted to the investment field, 
so that ‘‘individual enterprise’ now 
centered for the most part upon the hold- 
ing of stocks by absentee owners, which 
is quite contrary to what laissez-faire 
contemplated. (5) Free traders, in en- 
deavoring to remain faithful to the pre- 
cepts of laissez-faire, overlooked the fact 
that through formal and informal com- 
bines and monopolies large-scale pro- 
ducers have been increasingly able to ex- 
ercise control over prices, while the un- 
organized consumer (who under ‘‘util- 
ity’’ economics should have complete 
freedom of choice) became less and less 
able to do anything but accept the price- 
ranges thus fixed. (6) Modern produc- 
tion has, in fact, become more and more 
regulated, both by governmental enact- 
ment and by internal controls. Ameri- 
ean anti-trust legislation and European 
cartels were already established before 
the world war; and since that time, not 
only has there been a further increase in 
industrial combination and restrictive 
legislation, but projects of nationa! plan- 
ning which deliberately link the state 
with economics have become wide-spread, 
whether we look to-day at Russia, Italy, 
Germany, Mexico or the United States. 
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In the realm of production, the tenets of 
laissez-faire seem nowhere to have 
worked out as predicted. (7) As for con- 
sumption, the disadvantageous competi- 
tive position of the unorganized con- 
sumer is now well known. In addition, 
after Austrianism rose to favor, it was 
soon pointed out that, where there is 
great inequality of income, price-offers 
as such can not in any comparable sense 
measure underlying ‘‘pleasures’’ or 
‘‘utilities.’’ A more equitable distribu- 
tion of income and wealth would doubt- 
less be conducive to greater general satis- 
faction, and this might well be brought 
about by state control and graduated in- 
come taxation, thus again contravening 
one of the basic ‘‘non-interference’’ 
tenets of laissez-faire in the interests of 
achieving another one of its tenets, the 
‘‘maximum of satisfactions’’ or the 
‘‘ereatest happiness of the greatest num- 
ber.’’ (8) Also, while the economic 
power of the consumer has been increas- 
ingly weakened by large-scale corporate 
control and absentee stockholdings, his 
political power has become increasingly 
greater with the growth of democracy, 
under which he is progressively exercis- 
ing direct economic interference in the 
interests of public welfare, again in con- 
travention of the ‘‘natural harmonic’’ 
assumptions of laissez-faire. Here con- 
scious democratic control is definitely re- 
placing a let-alone governmental policy. 
(9) Finally, with respect to the alleged 
comprehensiveness of the ‘‘natural order 
of economic harmonies,’’ a most impor- 
tant group of modern economic phe- 
nomena is left entirely out of account by 
laissez-faire economists, namely, that 
complex of events known as business 
cycles. 

Considering by and large the develop- 
ments in economic thought and policy 
just reviewed, we find that the chief 
beneficiaries of the change from older 
medieval doctrine to mercantilism and 
laissez-faire, brought on by modern sci- 


entific advance, were the merchants and 
the industrialists, although the monarchs 
and the lords continued to secure some of 
the tribute or surplus by virtue of per- 
sisting privileges, customs and land 
holdings, and although the people them- 
selves were also supposed to benefit some- 
what by the change to laissez-faire, espe- 
cially by the lower prices which to some 
extent did result. In the main, laissez- 
faire appears simply to have added an- 
other sanction to the already-existing 
scholastic apologetics, the sanction of a 
supposed mechanically-operating natural 
law of ‘‘competition’’ or of ‘‘economic 
harmonies’’ under an allegedly ‘‘free 
enterprise,’’ which, along with the as- 
sumptions of objective value, natural 
justice and a divine economic order, es- 
tablished by the earlier medieval ration- 
alization of things-as-they-are, merely 
served to give further credence to the 
classical structure of thought. This 
rationalization, at the same time, con- 
tinued to hold the wage-earners to their 
economic status, at least until they sub- 
stituted direct political action for the 
wishful thinking of the upper classes. If 
the people benefited at all under the 
change to laissez-faire, it was chiefly be- 
cause of scientific and technological ad- 
vance coupled with new governmental 
enactments which they were able to se- 
cure in their own interests, hardly be- 
cause of the let-alone laissez-faire policy 
in its practical workings, although theo- 
retically it sounded promising enough, 
certainly much more ‘‘equitable’’ in its 
fundamental implications than the status 
quo doctrine of the ‘‘just price’’ or the 
imperialistic decrees of mercantilism. In 
its practical workings, the doctrine of 
laissez-faire seems chiefly to have en- 
abled merchants and industrialists to 
consolidate their control over a tribute- 
rendering economic structure, in the 
-wake of revolutionary changes in indus- 
try brought on by technological and sci- 
entific advance, as medievalism gave way 
to modern business. 
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THE PSYCHOLOGICAL APPROACH TO THE 
TRAFFIC PROBLEM 


By Dr. LOWELL S. SELLING 


DIRECTOR OF THE PSYCHOPATHIC CLINIC, RECORDER’S COURT, DETROIT 


THIRTY-SEVEN thousand persons were 
killed on the highways of the United 
States last year. In the fifteen years pre- 
ceeding 1935 more people were killed by 
automobiles than have been killed in all 
the wars of the Republic. 

The problem is very definitely one be- 
longing to psychology, because automo- 
biles, properly handled, are fairly safe 
machines. In the various statistics that 
have been gathered about accidents, car 
failure is found to play a very minor 
role, and, if the accident is due to some 
mechanical defect in the vehicle, that 
defect is often contributed to by the in- 
difference of the driver. For instance, 
most of the statistics concerning car fail- 
ure as an accident cause indicate that the 
brakes were faulty or that a tire has 
blown out. Usually nowadays when a 
tire does blow out it is an old one which 
perhaps has been purchased second-hand 
after having been repaired so frequently 
that every point is a weak spot. 

Whether a highway is good or bad does 
not determine whether there will be acci- 
dents upon it if we leave the driver’s 
attitude and mentality out of the picture. 
People can drive over highways which 
are poorly paved, which are deeply rutted 
and which in other ways show lack of 
engineering improvements with the same 
relative safety that they can over a 
smooth road if the driver is cautious and 
has the proper psychological reactions. 

The superficial aspects of the psychol- 
ogy of the driver have been known for 
years. In astudy made by Dr. Simonin,' 
of the University of Strasbourg, in 1931, 
the bibliography lists references as far 
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back as 1907, for in the bulletin of the 
Society of Ophthalmology of Paris of that 
year, Roche asked the question whether 
it was necessary to determine the safe 
minimum visual acuity of automobile 
drivers. 

Since then much thought has 
given by European observers to the medi- 
eal and psychological problems arising 
from the operation of a motor car. In the 
first decade of the present century the 
authorities of Berlin, Germany, were de- 
manding physical examinations, includ- 
ing a check of the eyes, and licenses were 
granted by them on condition that, 
among other things, the glasses a driver 
wore should correspond with those that 
the doctor had determined would result 
in adequate visual acuity. Naturally, in 
the years that followed, the ideas of scien- 
tific people concerning the physical and 
mental requirements on the part of driv- 
ers have changed. Builders of automo- 
biles have developed their machines so 
that specific weaknesses on the part of 
an occasional crippled or otherwise hand- 
icapped driver can be properly compen- 
sated. The special motor cars which our 
President drives on his Warm Springs 
and Hyde Park farms are examples of 
this, and he is a classical example of the 
fact that a person with a physical handi- 
cap may be at least a reasonably good 
driver. 

In 1928 a very far-seeing judge of the 
Recorder’s Court in Detroit requested 
that a special study be made of one hun- 
dred traffic offenders who had 
brought into that court for violations of 
the traffic ordinances and laws. This was 
probably the first forward step taken in 
America to look into the problem of why 
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certain drivers have accidents, why some 
of them get arrested, and what part the 
driver’s defects played in the serious 
traffic situation of to-day. A number of 
findings were tabulated and the report 
made by the Psychopathic Clinic at that 
time, written under the direction of Dr. 
Theophile Raphael, revealed important 
findings, one of which was a preponder- 
ance of feeblemindedness. This immedi- 
ately gave rise to agitation that the feeble- 
minded should be removed from the 
highways in spite of the fact that a num- 
ber of other observers have found cases of 
extremely bright people, college profes- 
sors, for instance, whose records on the 
highway and whose mechanical ability 
to manipulate a car were inferior to 
those individuals with borderline intel- 
ligence, making them more accident- 
prone. 

Although complicated psychotechnical 
apparatus was installed in Europe for 
the measurement of aptitudes of locomo- 
tive engineers and bus drivers, the mat- 
ter was not much stressed in this country 
until the National Research Council in 
1927 granted money to Drs. Albert P. 
Weiss and Alvhh R. Lauer,? who at that 
time were at the Ohio State University, to 
make a study of the ‘‘ Psychological Prin- 
ciples in Automotive Driving.’’ Weiss 
and Lauer carefully studied what work 
had been done on the subject previously 
and came to the conclusion that some of 
the past work by Americans on the com- 
petence of street-car motormen might be 
of some significance in directing their 
research, and they made an extensive 
study of the psychological abilities mani- 
fested or not manifested by operators who 
were good or who were bad drivers. Con- 
trary to the teaching of some laymen, 
they found that a very small group of 
drivers could be considered definitely 


2 Albert P. Weiss and Alvhh R. Lauer, ‘‘ The 
Psychological Principles of Automobile Driv- 
ing.’’ Ohio State University Studies. No. 11, 
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‘*aecident prone,’’ that is, to have a large 
number of accidents, and they attempted 
to develop criteria for automobile driv- 
ers. Behind the establishment of such a 
criterion is always the question of what 
Be. ”’ or ‘‘bad’’ driving. Nobody 
really seems to know to-day, even though 
it is seven years since Weiss and Lauer 
reported what they found. The fact that 
there is no central bureau for guiding and 
supervising psychological research has 
complicated the matter and given rise to 
various conflicting points of view. 

At the present time there are three 
bureaus in the United States which are 
doing research work on the competence 
of drivers. Each has a different ap- 
proach. Lauer has continued to work on 
the psychological requirements for safe 
driving, but recently he has stressed 
visual phenomena and, of course, this is 
only part of the answer to the problem. 
He, himself, will undoubtedly admit this. 

DeSilva, at Harvard, in the Bureau 
for Street Traffic Research, has modified 
a number of Lauer’s tests with the idea 
in mind of making some simple objective 
apparatus which can be manipulated by 
the layman. This approach, to my mind, 
is fraught with dangerous possibilities. 

The third center for this work is the 
Recorder’s Court Psychopathic Clinic 
(Traffic Unit), which has an entirely dif- 
ferent point of view. Lauer and DeSilva 
are doing research work, qua research. 
The Necorder’s Court Clinic is faced with 
the concrete problem of deciding whether 
or not a specific driver is safe to be behind 
the wheel of a car, and if not whether 
anything can be done to make him a safe 
driver or whether he is a hopeless case 
who must be removed from the highway. 
To study him, as Canty has reported,* he 
is given a physical examination to see if 
he has a physical defect, whether he is 
crippled or weak so he can not operate 


. % Alan Canty, Jour. Applied Psychology, Vol. 


XX, No. 4, August, 1936; and Public Safety 
Magazine, March, 1937. 
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a lever properly, whether he has a visual 
defect that precludes his seeing objects 
standing still, cars coming toward him or 
the condition of the road ahead. He also 
is given a group of examinations which 
we might call psychophysical tests. 
These are in keeping with conventional 
psychology, 1.¢e., they are tests of reac- 
tion time and judgment ability of various 
kinds. The subject is also given a psy- 
chiatric examination or, perhaps better, 
a mental hygiene examination, for the 
object of this part of the personality in- 
vestigation, even though it is carried out 
by a psychiatrist, is not primarily to find 
out if an individual is suffering from a 
mental disease, but to disclose less obvious 
but equally important deviations in his 
mental processes. 

Since the situation is basically simple, 
it is surprising that the psychological 
basis of traffic deaths has by no means 
been solved. One reason rests in the 
peculiar scientific situation which exists 
among those doing research on the psy- 
chology of drivers. When a medical man 
does research he usually publishes his 
findings either in a note or a more exten- 
sive article in one of the professional 
journals, so that, if his colleagues are at 
all interested in applying his discovery to 
their work it requires little in the way of 
effort to obtain copies of the periodicals 
where his findings appear. The traffic 
specialists, in the first place, seem to pre- 
fer to give their material to newspaper 
correspondents, and even if they do pub- 
lish it in scientific journals, their work 
is found in such obscure periodicals that 
they are not as a rule easily brought to 
hand. The frequent use of publications 
such as the Journal of the American 
Optometric Association and, in England, 
the Personal Factor, are examples of this. 
There is little interchange of thought 
between workers in this field, and natural 
professional rivalry seems to be accentu- 
ated in it. One can scarcely blame an 
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honest research man for concealing his 
work until he has established the prin- 
ciples which he has set out to verify, but 
after he has obtained results in thou- 
sands of cases these results should appear 
in the literature, but only too often in 
motoring-psychology they do not. 

The consistent use of the psychological 
examination of offenders now stagnates, 
and the reasons which I have given above 
are causes but they are not the only ones. 
Money which probably would be forth- 
coming for research in this field from 
various sources, such as the manufactur- 
ers of motor vehicles, highway commis- 
sioners and health been 
allocated only to a few persons. There 
is, perhaps, a reason for this, too, in that 
those who are engaged in the automobile 
industry have preferred to see as many 
ears sold as possible and, while they have 
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made concessions to safety, the ‘‘per- 
sonal’’ element offered a challenge to 
them, for it might cut down the volume 
of their sales. On the other hand, I have 
been told recently by far-seeing execu- 
tives in automobile plants in this city that 
they feel that everything that can be done 
to make for safety will eventually have a 
sales value. Unfortunately, this point of 
view is not predominant in the whole 
industry. 

Several hundred cases have now passed 
through the clinic, and our findings seem 
to be diametrically opposed in some re- 
spects to those which might have been 
predicted by the public as exemplified by 
members of ‘‘safety committees,’’ police 
officers and other persons untrained in 
psychology. 

For instance, the layman, when con- 
sidering the subject of accidents, assumes 
that if the driver can stop in time he can 
avoid any kind of an accident. News- 
papers and magazines are filled with 
articles showing how long it takes to stop 
a motor vehicle going at various speeds, 
on the assumption that if an individual 
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reaches an intersection at too rapid a 
pace, he can not stop in time to avoid a 
ear which might appear from behind a 
blind corner or might suddenly emerge 
from some other obscure point. In order 
to stop in time it appears to the layman 
that there are only two facts involved: 
one is how quickly the driver can see a 
car coming and press on the brake, plus 
the length of time that it takes the brakes 
to stop his car after he has pressed on 
the pedal. To the superficial thinker 
that would seem to be the end of the prob- 
lem: if a man’s reaction time is slow 
and a car comes into view he can not 
press on the brake in time and he will hit 
the car. 

To the psychologically-trained person 
the braking time with good brakes, of 
course, is a disregarded factor to be con- 
sidered by the engineer, and the theory 
evolves that an individual should drive 
at a sufficiently slow speed so that the 
engineering problem of stopping the car 
will not be of much significance. 

But engineers neglect an important 
problem, namely, how the individual is 
supposed to judge how fast he is going 
with regard to the braking power of his 
ear. School children and others are 
taught by means of pictures and charts 
that it takes a certain number of feet 
for any car to stop and that motorists 
should drive slowly. Yet at the same 
time they are taught that they can drive 
faster on the open road than the street 
and are given no scientific clews as to 
the determination of what a proper 
speed is. 

As one would more or less suspect from 
the discoveries of Lauer and DeSilva, 
reaction time is not of much importance. 
Usually it is tested by a relatively simple 
apparatus, a red light similar to the sig- 
nal tower found in most cities is flashed 
in front of the subject taking the test. 
He steps on the brake, and the time tran- 
spiring between the flash of the light and 


the pressing of the lever is measured. It 
deviates very little unless the man is 
markedly diseased or paralyzed; even 
stupid and feebleminded individuals and 
those with an impoverished nervous sys- 
tem, but who have no acute nervous dis- 
ease, deviate only a few tenths of a sec- 
ond. This usually means a matter of only 
twenty or thirty feet, unless the speed is 
excessive. 

More important than the actual ability 
to respond quickly is the ability to spot 
the elements of an impending accident 
long before it is necessary to press on the 
brake sharply. If a man can stop his 
ear in five hundred feet he should have 
an idea of what is going on in the road 
five hundred feet ahead so that if, for 
instance, he sees the wheels of a car 
pointing away from the curb, a man’s 
arm projecting from the window, and 
smoke issuing from the exhaust, the men- 
tal pattern should give him a clew that 
the man is about to turn out from the 
curb and may come out without much 
consideration for the oncoming driver. 
In this way, being able to step on the 
brake quickly is of little value if the car 
comes out without warning. 

We have found it interesting, however, 
to measure reaction time in order to look 
further for some disease. We often find 
it interesting to add a steering test if the 
time is lengthened. Those who have had 
the longest reaction time of the cases seen 
by the clinic have been people suffering 
from paresis due to syphilis, paralysis of 
certain muscles and stupidity almost at 
the imbecile level. 

The person whose judgment of speed 
and of spatial relations is poor is perhaps 
more apt to get into trouble, because 
when he gets into a ticklish spot he may 
come too close to another object, but nar- 
row areas through which a man has to 
drive are infrequent and if the man’s 
attitude is such that he will be careful 
and watch what is happening, he is not 
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likely to have an accident. Few cases 
passing through the clinic show marked 
impairment of ability to judge speed and 
distance unless they show some other 
signs of organic illness. 

The reason why most people are rela- 
tively safe drivers and do not collide with 
others is a comparatively simple one and 
has to do only with the fact that motor 
vehicles going in the same way are re- 
stricted to one part of the highway. Ifa 
fair rate of speed by all vehicles is main- 
tained the likelihood of collision is small. 
An accident occurs only when this fact 
is neglected or when a man turns out of 
a stream of traffic to go on a part of the 
highway where it is predicted that cars 
going in this direction would not be. 

The two characteristics of the driver 
that are most stressed by policemen and 
others who think that they have the 
answer to the traffic problem in the mat- 
ter of examining candidates for licenses 
are vision and intelligence. In regard to 
the last, I believe that I have already 
indicated that intelligence in itself is not 
a serious factor in the commission of 
accidents. Naturally, the more stupid a 
man is, the more likely he is to make a 
poor judgment in case he gets into an 
extraordinary situation, but unless some- 
one else complicates the problem, a man 
with a limited degree of intelligence can 
keep himself out of trouble by driving 
slowly and observing every law. The 
traffic laws are sufficiently simple so that 
a high-grade feebleminded man can re- 
member them and react to them properly. 
This is perhaps the reason why we find 
that many feebleminded truck drivers do 
not get into trouble over a period of 
years. 

The clinic knows of many such drivers 
and interprets their ability to drive safely 
over a period of years as being due to the 
fact that drivers get out of their way and 
trucks go so slowly it gives the truck 
driver time to make a decision and figure 


a situation out. This he would not be 
able to do in driving a pleasure car. Oc- 
casionally we find a man who has driven 
a truck for a long time without getting 
into trouble but who, when driving his 
own car, is affected by the speed of the 
car unfavorably because he is habituated 
to the slower speed of a truck. 

In such a case, if the man is feeble- 
minded, this is of importance. One par- 
ticular example will illustrate this. The 
man was sent to the clinic because he had 
failed to stop for a red light and crashed 
into another car. This man was found to 
be feebleminded and had had three acci- 
dents after he had purchased a pleasure 
ear for his own use. Previous to this 
time he had for some ten years been driv- 
ing a street-sweeper without any unto- 
ward effect. 

Because so many people with poor 
vision are found by the police, and the 
newspapers have made note of this fact, 
much emphasis has been placed upon 
tests of vision for the driver. In 1931 
Simonin pointed out that even at that 
time there was a marked difference of 
opinion about the importance of physical 
defects. As pro- 
gressed we have become more doubtful 
about where to draw the line about vision 
and a man’s ability to drive. In 1931 
there was a debate in European scientific 
circles about whether a one-eyed man 
should drive. The argument was that he 
could not see cars coming from behind 
or sharply from the side of the blind eye. 
On the face of it, this seemed to be a 
logical argument, but again safe driving 
would seem more to depend upon the 
prediction of impending accidents than 
upon the emergency reaction. In the 
clinic we have seen many cases of one- 
eyed drivers who have had no accidents. 
Some of them have supplemented the 
good eye by mirrors which permitted 
them to have a wider range of vision. 
Others were merely careful and turned 


investigations have 











552 THE SCIENTIFIC MONTHLY 


their heads sharply when crossing inter- 
sections. 

Naturally on the basis of probability 
alone, more things could happen which 
might bring about an accident in such a 
ease than in the case of an individual 
with normal vision in both eyes. Most 
intelligent and socially minded persons 
with but one eye can keep out of trouble. 
The same is true with individuals who 
have lost a limb, but have supplemented 
this lack of body-part by braces or arti- 
ficial apparatus of some sort. The writer 
knows of one man who even had artificial 
arms on both sides who had never had an 
accident because he was careful. He 
drove only on country roads, at a slow 
rate of speed, compensating for his defect 
by being careful about his driving. 

The usual visual tests which we give to 
school children who show eye weakness 
would have only a questionable place in 
tests for driving ability. For a person 
who can only read what he should see at 
sixty feet at twenty feet has poor vision 
from the standpoint of eye comfort, yet 
has vision sufficiently acute for adequate 
driving. We even know of a case, whose 
vision would be considered bad from a 
standard set up by eye specialists, who 
could only see at twenty feet what he 
should be able to see at one hundred feet. 
This was not of as great importance as 
the layman might think, for even though 
he could only see the letters and not make 
out their shape at twenty feet, a man 
with such bad vision can see a car almost 
one-half mile away on the open road. If 
he is following another car he can see 
details sufficiently at one hundred yards 
so that he can predict what the driver is 
going to do. 

Sometimes there is defective ability to 
estimate the relative positions of distant 
objects. This is important but occurs 
seldom even in the accident-prone popu- 
lation. In such cases a lack of balance 
of the muscles of the eye is revealed, but 
the man still can drive. His proneness 


to accident increases remarkably when he 
has a defect of this sort, but he, too, can 
often compensate by careful driving and 
a proper attitude toward driving. He 
usually requires skilled ophthalmological 
help. 

Color vision is another factor which 
receives a lot of emphasis from the lay 
traffic expert, because 4 per cent. of the 
population are supposed to be blind to 
red and green. In other words, he sup- 
posedly can not distinguish between red 
and green traffic lights. It is true that 
4 per cent. of the population are color 
blind according to standards used by re- 
searchers, but these individuals usually 
prove their ability to ‘‘spot’’ the colors 
in the traffic lights. Only in one case out 
of several hundred did we find a color- 
blind man who was blind to the traffic 
lights, and he was feebleminded, which 
was perhaps the more important factor in 
his case. 

Range of vision is stressed. There are 
supposedly a number of people driving 
who had ‘‘gun barrel’’ vision, that is, 
they could only see a small area in front 
and were blind at the sides. From a 
number of tests on the general population 
and from our observations in the clinic 
we would predict that one in two or three 
thousand would have a diminution in 
vision of that sort. Visual defects of 
this type are measured by an apparatus 
called a perimeter, a semicircular device 
with the eye at the center of the circle. 
A disk is moved from the outside to the 
center. While the eye is fixed on the 
center of the circumference, the indi- 
vidual tells when the disk comes into 
view from the side. This shows that he 
has a blind spot, which is most impor- 
tant in causing accidents, but its great 
significance seems to be that it indicates 
the need for a physical examination to 
see whether it is due to neurosis, to 
syphilitic damage, diabetes, Bright’s dis- 

~ease or brain tumor. 

The layman becomes very disturbed 
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over poor hearing on the part of a driver. 
As a matter of fact the police department 
in Detroit ordered that no deaf man be 
granted a license by the License Bureau, 
yet all of us might just as well be deaf 
about 40 per cent. of the time. In the 
winter time we drive with our windows 
closed and our motor vibrates so we are 
fortunate if we can hear a horn but a few 
feet away. 

The crux of the matter seems to lie in 
the measurement of the subject’s attitude 
toward law enforcement and toward the 
rights of others. If he is anxious to do 
well, he will keep out of trouble as far 
as possible; and, if he is not easily ex- 
citable, he should be able to compensate 
for his visual defects and body structure. 

I might summarize the results of our 
findings in the clinic and of our research 
into the literature by saying that me- 
chanical tests of a driver’s ability are of 
value but are sadly misunderstood, that 
a complete understanding of the nature 
and of the make-up of the individual, his 
attitude as well as his physical structure, 
are probably of much more value in en- 
abling us to predict accident-proneness, 
as his ability to react promptly and to 
make good judgments, measured by 
machines. 

Unfortunately, attitude and emotional 
stability are the most difficult things to 
test. Our best answer to the problem is 
by means of a polygraphic study of re- 
action time tests to see whether, as the 
situation of driving and stopping be- 
comes complicated, the man becomes ex- 
cited, as indicated by changes in his 
blood pressure and breathing. In test- 
ing his attitude, too, an association-test 
of words, such as police, law, et al., can be 
given and his reaction to them can be 
recorded. If his history shows that he 
has been unstable in various situations 
or the psychiatric examination shows 
that he can be steered to anti-social be- 
havior because of a suggestible make-up, 
these facts are of significance. 


The deciding factor as to whether such 
tests are of value lies not so much in the 
test itself as in the ability, training and 
experience of the men who give the tests. 
The time has not yet come when these 
tests can be sufficiently standardized so 
that they can be placed in the hands of 
the police department or licensing board. 
In the hands of a layman who can not 
interpret what blood pressure recording 
means, these test results would be dan- 
gerous, as for example, a man who was 
not disturbed in traffic, but was disturbed 
by the laboratory situation, might be un- 
fairly ruled off the road. Hundreds who 
are not disturbed in the laboratory, but 
are really unstable, might be permitted 
to drive. 

It has been the policy of the clinic to 
recommend correction of all deviations 
found, but if they are extremely serious 
or complicated by a faulty attitude, the 
patient has been temporarily or, in some 
cases, permanently removed the 
highways. 

A serious criticism is made by police 
officers, newspaper men and others when 
psychological techniques are shown to 
them, namely, that these techniques do 
not reproduce the actual driving situa- 
tion. When the man is taking the steer- 
ing test in the clinic his mind is not re- 
acting the same as it would if he were 
actually steering a car in traffic. They 
claim that when the red light flashes be- 
fore him in the clinic he does not need to 
react as rapidly, perhaps, as he would on 
the streets. The proof of the pudding is 
in the eating thereof, namely, we can say 
that many can pass road tests who can 
not pass a laboratory test, that success on 
an actual test of driving is much more 
likely to occur in an inferior individual, 
so that weaknesses are not revealed, but 
when passing the man through a clinic 
examination these are shown up. On the 
street he has the benefit of habit and 
training which conceal how he would act 
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in danger, while in the clinic we can test 
for innate reactions by medical and psy- 
chological methods. Probably the only 
psychological test that would appeal to 
the layman would be a road test, but the 
only road test that would be as accurate 
as a psychological investigation would be 
one with completely standardized meth- 
ods, including collisions and other emer- 
gency situations. The road test as given 
by police officers usually does not involve 
the creation of anything that simulates 
a situation in which the man would be 
likely to let himself get into an accident. 

I have tried to show the reader the diffi- 
cult situation that confronts any one who 
is trying to deal with the psychological 
aspect of motoring, and I hope this will 
serve aS a warning against jumping at 
conclusions about what factor does or 
does not cause an accident. The average 
traffic ‘‘expert’’ takes a superficial atti- 
tude. He talks glibly about color blind- 
ness, reaction time and other tests of that 
sort which, I think I have indicated, are 
at best only suggestive of some deeply 
complicated condition if they are found 
to be abnormal. I would not for the 
world want the reader to believe that the 
clinic has found mechanical tests of one’s 
driving ability worthless. This is by no 


means true, but the clinic does frown on 
using apparatus to the exclusion of other 
scientific techniques. The total person- 
ality should be considered in the same 
way that it is in a mental hygiene clinic. 
No modern child guidance clinic would 
make a judgment on the intelligence test 
alone. As a matter of fact one of the 
efforts being made by such clinics is to 
lessen the emphasis placed upon so-called 
1.Q. tests and upon physical deviations, 
although at the same time admitting that 
these tests are important. Public officials, 
newspaper men and others who stir up 
hysteria about the number of increasing 
traffic accidents are prone to demand that 
science go the whole hog or nothing. 
They are unwilling to wait for carefully 
standardized and scientific techniques. 
From our own experience we believe the 
clinic has at hand a number of these and 
our experience in dealing with drivers 
bears us out. A few drivers whose 
licenses we have suggested revoking and 
who have been permitted to continue to 
drive have become involved in trouble 
within six months’ period of time, not 
always serious, to be sure, but yet, ac- 
cording to the laws of chance, one of these 
minor accidents might well have resulted 
in a death. 
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DOSTOEVSKY’S MASTER-STUDY OF THE 
“PROTEST” 


By Dr. PAUL C. SQUIRES 
OF THE NEW YORK STATE BAR, CLINTON, N. Y. 


**Srperia. On the banks of a broad 
solitary river stands a town, one of the 
administrative centers of Russia; in the 
town there is a fortress, in the fortress 
there is a prison. In the prison the 
second-class convict Rodion Raskolnikov 
has been confined for nine months.”’ 

Thus opens the epilogue to ‘‘Crime 
and Punishment,’’ that bizarre, power- 
ful work upon whose pages Fyodor Dos- 
toevsky ruthlessly lays bare the soul of a 
young murderer. As the exiled novelist 
wrote his brother Michael from Semi- 
palatinsk in 1858, ‘‘such a figure fre- 
quently emerges in actual life.’’ It is 
certain that no one before or since has 
rivalled this profound exploration into 
the dark abysses of the wrongdoer’s 
mind. 

Led out into the Semjonovsky Square 
of St. Petersburg with the other mem- 
bers of the Petrachevsky conspiracy, the 
young Dostoevsky was bound to a stake. 
He expected to live but another minute, 
when the barbarous mock sentence was 
commuted to imprisonment. The four 
years he served at Omsk in Siberia fur- 
nished him the psychological laboratory 
from which emerged the tormented 
beings of the ‘‘ House of the Dead’’ and 
the dreadful realism of Raskolnikov’s 
clinical portrait. 

Just who was Raskolnikov? What 
lines of hostile forees had converged 
upon this youth of twenty-three, driving 
him to murder, then onward to confes- 
sion and inevitable punishment? Was 
there a gradual regeneration and resur- 
rection in waiting for him? If so, 
through what agency? 
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The whole world knows the story, 
which has recently been filmed. Yet its 
lessons are subtle and inexhaustible ; the 
implications thereof steadily grow and 
multiply with the passing of time. The 
interpretation given by Dostoevsky an- 
ticipates precisely that of contemporary 
thought. Summed up in one word, the 
master key to the criminal act is the 
psychology of ‘‘protest.’’ 

Why did the young student kill the 
pawnbroker hag? For the three thou- 
sand roubles he expected to find, whereby 
he might complete his law training and 
obtain a his widowed 
mother and what he 
claimed at the trial. 
he attributed it to heartfelt repentance ; 
he even tried to exaggerate his guilt. 


post to support 
This is 


As to his confession, 


sister ? 


But—‘‘all this was almost coarse.’’ 

Planning the act, Raskolnikov solilo- 
quizes : ‘‘It would be interesting to know 
what it is men are most afraid of. Tak- 
ing a new step, uttering a new word is 
what they fear most.’’ Then: ‘‘Am I 
capable of that? Is that serious? It is 
not serious at all. It’s simply a fantasy 
to amuse myself; a plaything! Yes, 
maybe it is a plaything.’’ 

So, he can scarcely bring himself to 
believe in the gross reality with which his 
criminal imagery is charged. Especially 
at the instant when the axe crashes into 
the skull of his victim, everything re- 
mains chimerical—as if he were a mere 
bystander at the hideous scene. 

Razumihin remarked that the guilty 
man can be tracked down by the psycho- 
logical facts alone. Raskolnikov, suffer- 
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ing from acute consciousness of economic 
impotency, had developed the Napoleonic 
or Jehovah complex wherewith to combat 
the agonizing feelings of inferiority. 
During several years there had become 
increasingly evident in his case a loss of 
contact with people. He viewed society 
through the big end of the telescope, and 
society had shrunk to nothingness. 

Withdrawing completely into his psy- 
chic carapace, practical ethical action was 
replaced by abstract contemplation. 
Said he, ‘‘I am thinking.’’ Like Kip- 
ling’s Bimi the ape, there was ‘‘too much 
Ego in his cosmos.’’ 

Then it was that this immature mind, 
at war with itself, wrote the fatal article 
advertising its social philosophy; not 
original, to be sure, but nevertheless giv- 
ing testimony which would eventually be 
turned against the writer thereof with 
devastating effect. 

Men, says Raskolnikov, are divided 
into ‘‘ordinary’’ and ‘‘extraordinary.’’ 
The rule of life for the herd is submis- 
sion. To the Chosen, however, any crime 
or transgression of the moral law is per- 
missible. 

Napoleon is the captain of the super- 
men who are strong enough to commit 
crime. Success is its own justification. 
Those who with magnificent daring ‘‘step 
across the line’’ have achieved the 
supreme goal: the conquest of fear. 

Narcissus, son of the river-god Cephi- 
sus, fell in love with his own reflection 
in the water. He alone existed. The 
narcissistic essence of Raskolnikov’s per- 
sonality is powerfully portrayed in the 
dream about the brutal killing of the 
horse, where Mikola (the dreamer him- 
self) shouts, brandishing the bar, ‘‘My 
property !’’ 

His vocabulary had become narrowed 
down to ‘‘I,’’ ‘‘my”’ and “‘mine.’’ We 
are reminded of Kurtz in Conrad’s 
‘*Heart of Darkness,’’ who was forever 
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preoccupied with ‘‘‘my ivory, my sta- 
tion, my river, my ’—everything belonged 
to him.’’ 

A frustrated, inhibited being, inordi- 
nately vain and sensitive as a mimosa, 
Rodion longed for nothing so much as 
independence. The will to dare ex- 
panded into a dangerous fixed idea. He 
will not confess to inadequacy. One must 
excel in something. If, thinks the un- 
happy boy, the ‘‘perfect crime’’ beckons 
as the only hope for bursting the shackles 
of fear, why, so be it. The great men of 
history have never been squeamish in the 
use of violence. 

Besides, the pawnbroker harpy has no 
right to live. Like a vampire, she is suck- 
ing the blood of her helpless customers. 
What is she but a ‘“‘louse,’’ a ‘‘black 
beetle’’? The student (really a projec- 
tion of Raskolnikov) says to the officer at 
the inn: ‘‘ Kill her, take her money and 
with the help of it devote oneself to the 
service of humanity and the good of all. 
What do you think, would not one tiny 
crime be wiped out by thousands of good 
deeds? For one life thousands would be 
saved from corruption and decay. One 
death, and a hundred lives in exchange— 
it’s simple arithmetic. ”’ 

This is pure rationalization, however, a 
flimsy bulwark thrown up to protect the 
sense of self-esteem. The primal motive 
comes to utterance under tremendous 
emotional stress in his full confession to 
the unfortunate Sonia: ‘‘I . . . I wanted 
to have the daring . . . and I killed her. 
I only wanted to have the daring. That 
was the whole cause of it.’’ 

Raskolnikov’s crime represents his pro- 
test against a maddening realization of 
inadequacy. The act was carried out 
under the influence of a compulsive and 
virtually somnambulistic state, with the 
satisfaction of a psychological—rather 
than an economic—need as the true objec- 
tive. 
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DOSTOEVSKY’S MASTER-STUDY 


Moreover, rage against himself was in- 
sidiously transferred to hatred of his 
prospective victim; she conveniently 
crystallized for him in her repellant and 
avaricious person an unappreciative so- 
ciety. The eternal paradox of Roskolni- 
kov’s kind, expressed in Sonia’s out- 
burst, ‘‘How could you give away your 
last farthing and yet rob and murder!’’, 
now ceases to puzzle us. 

In upbraiding Sonia for having de- 
stroyed her soul for nothing, Rodion is 
accusing himself. When imprisoned, 
wounded pride made him ill : his only sin 
was to allow his legal guilt to be revealed. 
Of pains of conscience he felt none. 

Sonia tells him to go out to the cross- 
roads and there bow down, saying to all 
men: ‘‘Iamamurderer.’’ He prostrates 
himself in the square. A drunken work- 
man jibes: ‘‘He’s going to Jerusalem, 
brothers, and saying good-bye to his 
children and his country. He’s bow- 


ing down to all the world and kissing 
the great city of St. Petersburg and its 
pavement. ”’ 
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**Into the Future lead many paths,’’ 
wrote Nietzsche. What accident of 
nature and special circumstances make 
one man a builder of the social order, 
another a criminal? Out of what differ- 
ences in ferment do a Beethoven and a 
Marquis de Sade arise? Raskolnikov, 
kneeling in the square of St. Petersburg, 
personifies that legion of weaklings who 
project their self-hatred upon society. 

Poe concludes his ‘‘ Man of the Crowd’”’ 
in this wise : ‘‘ It will be in vain to follow; 
for I shall learn no more of him, nor of 
his deeds. The worst heart of the world 
is a grosser book than the Hortulis 
Animae, and perhaps it is but one of the 
great mercies of God that ‘es lasst sich 
nicht lesen.’’’ 

Just a quarter of a century after the 
American indited these memorable lines, 
another tragic figure in distant Siberia, 
from out the gloom of the prison house, 
unlocked the Book of the Seven Seals in 
the protest of Rodion Raskolnikov, whose 
crime was the manifestation and symbol 
of psychic impotence. 








TYPES OF FOREST CARPETS 


By Dr. ARTHUR PAUL JACOT 
U. S. FOREST SERVICE, NEW HAVEN, CONN. 


NatTurE has furnished her woodlands 
with as great a variety of carpets as may 
be found in a well-appointed home. En- 
tering the woods we are delighted by 
such forest floor accessories as a cover 
of Dutchman’s breeches, a mat of dwarf 
cornel, a runner of hay-scented ferns, 
a haze of woodland grasses sprinkled 
with pink moccasin flowers under a copse 
of lady birches along a sandy ridge, beds 
of autumn asters. In the swamps are 
spread a layer of lush cabbages studded 
by the handsome hellebore, runners of 
sarsaparilla or ginseng along a flood 
plain, a fringe of cardinal flowers or 
jewel weed along a brook. 

Beneath this variety of herbaceous 
covers are mats of soft, deep, hair-cap 
moss cushions of dense grey-green moss, 
doilies of procumbent moss_ spread- 
ing over old logs and partly buried 
stones. Open places expose spongy rugs 
of reindeer lichens, and on old wood, 
stumps and boulders a great assortment 
of lacy, foliose lichens. Then all be- 
tween is veritable diversity in the layer 
of leaf litter. The fragrant and springy 
pine litter, and the dark aisles of the 
hemlock gorge, with their dense carpet 
of minute leaves, have been enjoyed by 
most of us. One treads the northern 
woods on a mattress of spruce and bal- 
sam needles. The broad-leaf cover rip- 
ples over the hills in ever changing warp 
and woof, studded by brilliant little 
flowers that move about the surface, 
like the blue-tailed skink, the golden- 
tailed rove beetle (Ontholestes), the 
Calosoma beetle, with its emeralds and 
rubies set in black lacquer, a woodland 
butterfly fanning in a sunlit patch, or 
the minute vermilion Trombidium mites, 
the blue saddled springtail and a host 
of others. 
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CARPET STRUCTURE 

The ordinary carpet of deciduous 
leaves is not a haphazard agglomeration 
of leaves but has as definite a structure 
as that of the fireside rug. After re- 
moving the few large dry leaves of the 
surface which form a Litter layer, one 
finds a more compact zone or layer of 
leaves which have a tendency to stick to 
each other by reason of the water-film 
held between them. These leaves are soft 
and flaccid, due chiefly to the action of 
fungi which have partly reduced their 
tissues. Fungus action precedes other 
reducing activities, and it can begin as 
soon as the leaves have enough cover to 
maintain a little moisture. Leaves 
further down in this layer are not only 
matted together but have the edges vari- 
ously scalloped and the surface (epider- 
mis) more or less removed in irregular 
patches, while some are skeletonized, 
that is, the soft tissue is entirely gone, 
leaving only the veins as an intricate, 
lacy network. Although reduction is 
caused by these various agencies, fungus 
is the most important and the most con- 
spicuous, wherefore this layer may be 
known as the Fungus or F-layer. 

Leaves from the south slopes of the 
hills of the southern Appalachian moun- 
tains show chiefly one type of fungus 
which forms its fruiting bodies in the 
spongy layer on the inner face of the 
lower epidermis. These bodies are 
globular and black. The process of de- 
cay is most easily studied by taking a 
leaf which shows white blotches in the 
general brown color of the leaf. If such 
a leaf, preferably oak, still wet from the 
woods, is placed top side up under a dis- 
Secting microscope with a magnification 
of forty, the upper epidermis can be 
pushed or rolled back by starting it at 
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TYPES OF FOREST CARPETS 


the fork of two veins with a fine needle. 
(Fine needles can be made by mounting 
an entomological minuten-nadeln on a 
handle by means of sealing wax.) This 
will expose the palisade tissue, or what 
is left of it, each batch within its vein 
islet. These islets are inhabited by cer- 
tain nematode worms. Some leaves are 
without them, others have them thinly 
scattered, while some leaves harbor 
many. Do they feed on the fungal 
spores or on the fungal hyphae or on the 
leaf tissue or on bacteria? Who knows? 
Other stouter nematodes may be found 
on the surface of the leaves, where wet. 

The under sides of dead leaves are 
quite ‘‘dirty.’’ They often bear strands 
of fungi which hold down feces, both 
large and small, pieces of cast skins of 
insects or other arthropods and other 
minute organic fragments. As such a 
leaf dries, the photosynthetic tissue con- 
tracts and pulls away from the veinlets, 
thereby skeletonizing the leaf. Another 
type of reduction is engendered by vari- 
ous chewing arthropods. For instance, 
leaves may be found in which the lower 
epidermis has been removed over vary- 
ing extents. Other leaves may have the 
lower epidermis, the spongy parenchyma 
and the palisade tissue removed, leaving 
the upper epidermis intact. More 
rarely, certain animals chew holes com- 
pletely through the leaf. Some milli- 
pedes browse about the edges of the 
leaves. Earthworms, shoots of seedlings 
or young sprouts push through several 
leaves together. 

Some leaves curl a great deal on dry- 
ing. Animals take advantage of these 
and use them as shelters which are con- 
sequently found loaded with feces and 
debris. It is always the upper surface 
which is rolled in because it is smooth, 
often glossy and easily sheds water, 
hence becoming dry more rapidly than 
the lower surface, which is rough, irreg- 
ular, ribbed, often with clusters of hairs 
in the forks of the veins. 


559 


Thus, the dead leaves may be reduced 
(1) by fungal digestion and bacterial 
digestion, (2) skeletonization (by dry- 
ing or by animal ingestion) and (3) by 
fragmentation, chiefly by animals. 

Moist leaves of the lower Fungus 
layer harbor a host of animals: fungus 
eaters, feces eaters, animal eaters, leaf 
eaters, parasites and transients, for here 
is plenty of moisture, plenty of shelter 
and plenty of food. White animals are 
the most conspicuous, especially the pre- 
daceous mites, which go dashing about, 
and the springtails, which hop about like 
fleas. Less lively are the immature 
stages of various saprophytic mites, like 
those of Ceratoppia, recognizable by 
two, long, divaricating white bristles on 
the posterior end of its oval body. They 
transform or molt on the leaf surface. 
There are also the young of Eremobelba, 
grayish with stout white bristles. Eggs 
—beautifully sculptured, opalescent, 
knobbed, ribbed, pebbled, chalky, scaly, 
kinds innumerable, are to be met. But 
even more numerous and much less con- 
spicuous are the many brown, leaf- 
colored mites. The larger species occur 
to the extent of several per leaf, while 
no one has yet determined the number 
of minute ones per unit of leaf surface. 
Why should one? The numbers vary 
enormously according to the type of car- 
pet and to the degree of moisture. Occa- 
sionally, the investigator is startled by 
having a millipede, centipede, sow-bug, 
beetle, roach or other animal that recalls 
dragons and hippos, by contrast with 
the minute forms, scurry across the leaf 
or his fingers. 

Naturally, such hosts of animal life 
seatter their excrement about. Strange 
to relate, most of this animal spoor re- 
mains attached to the lower surface of 
the leaves, and soon becomes webbed 
down by fungal hyphae. Millipedes are 
the greatest contributors to the granules 
found plastered to the leaves—almost 
always to the surface facing the earth 
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L (litter) layer 


DIAGRAMMATIC CROSS-SECTION OF DUFF CARPET 
THE VARIOUS PARTS NOT DRAWN TO SCALE, FAECES OMITTED, LEAF FRAGMENTS SOMEWHAT 
SEPARATED. 


(for leaves have a tendency to turn bind this organic pabulum together like 


either side up in falling). The animals 
have the habit, perhaps sagacity, to push 
their feces into the forks of the larger 
leaf veins, or at least against the veins. 
This may have the indirect effect of has- 
tening vein decay and reduction by such 
concentration of bacterial and fungal 
action. Howbeit, the open spaces are 
left more free for feasting. There are 
two kinds of millipede excreta. The 
feces are solid, smooth and dark green. 
Much more common is what resembles 
sawdust so agglutinated as to form rib- 
bons or bars. This seems to be regurgi- 
tated pellets of partly digested leaves. 
In the mountains of North Carolina the 
red-backed millipede (Polydesmus ser- 
ratus) is active all winter long when not 
frozen, chewing up the leaves. Any 
warm afternoon after a frosty morning 
adults will be found sunning themselves 
on the upper leaves of the Litter layer. 

By this time the ardent investigator 
of this sordid life, where all things are 
something to some one, will have noticed 
that many of the leaf fragments are more 
or less ‘‘sewn’’ together by the minute 
white threads of fungi. It is the fungi, 
growing through and through and all 
about these discarded fragments, which 


the woof in the warp. Hence fungi not 
only digest but amalgamate fragments 
by the binding action of the hyphae. 
Each leaf or leaf fragment is a warp 
thread, while the hyphae are the woof. 
It is right here that the different types 
of carpet originate. Some have more or 
denser woof and some more warp. Let 
us consider first the carpet in which the 
woof is more densely developed. Such 
carpets are known as duff, while those 
with less fungal hyphae are called mull. 


Tue Durr CARPET 


The duff type of carpet is character- 
ized by a third layer, which we call the 
H (humus) layer. This layer consists 
principally of completely disintegrated 
amorphous organic material. It does 
not include fragments of leaves. It does 
contain a large quantity of granular 
material or feces which originated in 
part in the Fungus layer, in part from 
the overhanging vegetation, in part from 
earthworms and other soil-inhabiting 
animals which cast their intestinal wastes 
above the mineral soil, and in very local 
part by the feces of animals roving about 
the forest floor or in the vegetation 
overhead. 
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L (litter) layer 





FP (fungus) sayer 


H (humus) layer 


DIAGRAMMATIC CROSS-SECTION OF MULL CARPET 
THE VARIOUS PARTS NOT DRAWN TO SCALE, HYPHAE, FAECES AND GRANULES OMITTED, THE BLACK 
GRANULES IN THE H-LAYER REPRESENT MINERAL PARTICLES, THE WHITE REPRESENTING THE HUMUS. 


Normally, the Humus layer should 
form part of the mineral soil, as is the 
ease in the mull carpet, but in the duff 
carpet it is retained above the mineral 
soil as a definite layer below the Fungus 
layer. This development was first de- 
scribed by Muller working in Danish 
forests. He found it wherever the roots 
of the beech trees, which form extensive 
forests in middle Europe, spread them- 
selves above the mineral soil. A similar 
condition obtains in the Appalachians 
under mountain laurel and rhododen- 
dron. These tall ericaceous shrubs form 
a dense webbing of rootlets above the 
mineral soil and just under the leaf car- 
pet. As ericaceous plants secrete consid- 
erable root acid these rootlets build up 
a medium which is particularly invidious 
to earthworms but salubrious to a brown 
fungus known as Cladosporium. Hence, 
at once, the most widely known soil mix- 
ers are eliminated, and the toughest 
brown fungi are encouraged. A charac- 
teristic of Cladosporium is that its 
hyphal walls include a great deal of 
chitin, a hard, brownish, almost inde- 
structible material which makes up a 
large part of the body wall of beetles. 
Cladosporium now develops luxuriantly, 


twining about the network of rootlets of 
the Ericaceae, filling all the interstices 
with a much finer meshwork than the 
rootlets. The combination of a dual sys- 
tem of meshes forms so complete and fine 
a screen that the particles of humus from 
the Fungus layer are held, clog up the 
sieve spaces and do not get to the mineral 
soil. Consequently, the mineral soil lies 
hard and yellow, like a golden oak par- 
quet floor, under the carpet, which is 
rendered so tough by the root and Clado- 
sporium meshing that it is difficult to 
push one’s fingers through it and rip it 
up. Magnificent carpet! Yes, most 
durable. But that is not what the for- 
esters desire. 


Tae Mui Carper 

In strong contrast is the mull carpet. 
This may be found under any cover of 
herbaceous plants, especially annuals, 
whether spring or autumn (Compositae). 
The Fungus layer is so thin and loosely 
woven that one has difficulty in finding 
leaves matted together. So loose is the 
weaving that the woof is barely percep- 
tible. No brown Cladosporium fungus 
develops its meshwork. Under this loose 
and openwork Fungus layer lies that fine 
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black granular material which is so 
much sought after for garden-flower cul- 
ture. You can run your fingers deep 
into it and find no yellow mineral soil. 
It is really the same humus material 
(feces) that is retained in the Humus 
layer of the duff, but here there is no 
meshwork of rootlets or of Cladosporium 
fungus to retain it. Moreover, there are 
many earthworms of various sizes. 
Microscopic examination of a sample 
taken from the black Humus layer re- 
veals particles of mineral matter, for the 
earthworms, ants and other soil mixers 
have brought mineral soil up into the 
H-layer, where it has become mixed with 
the humus, which is nothing more than 
partly digested vegetation. These min- 
eral granules are not larger than can be 
ingested by the earthworms, or carried by 
ants and other soil movers (where the soil 
has been undisturbed by mammals or the 
forces of inanimated nature). In mull 
soil then, the Humus layer is so much 
mixed with the mineral soil that its lower 
boundary is indefinite, gradually chang- 
ing from black to the yellow or red of 
the underlying mineral soil. 

Of particular importance to the for- 
ester is the fact that in mull soil the tree 
roots are brought in direct contact with 
the feces, while in duff soils they are not. 
These two types of carpet are therefore 
indicative of two extreme soil conditions: 
one hard and foodless, the other infil- 
trated with finely divided animal excre- 
ment; one caused by tall ericaceous 
shrubs, the other brought about by 
ephemeral herbaceous plants; one 
‘‘acid,’’ the other less acid. 

Extracting the minute animals of 
these two carpets reveals an astonishing 
contrast. Not only are the species quite 
different, but there is a great diversity 
in numbers and size. Although the total 
number of species may be the same in 
each, in the mull carpet the species are 
large with relatively few individuals, 
while the duff carpet harbors minute 
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species, each represented by hundreds of 
individuals. It is therefore evident that 
the penetrability of the animals of duff 
is greater—testifying to the closer mesh 
of the duff. In the open, loose weave of 
mull, the large species find no obstruction 
to their movements. The total bulk of 
animal life of each may therefore be the 
same. 


Tue Ware Prive CARPET 


Another type of carpet will be found 
in evergreen needlewoods. Let us take 
the white pine carpet as an example, say 
an old-field plantation. The removal of 
the topmost leaf-clusters reveals a gray- 
ish to blackish layer of needles. Such 
discolored needles already have the five 
leaves of the bundle matted together by 
fungal hyphae and ‘‘sucked out’’ so that 
their walls are collapsed instead of 
plump. Cutting them in half one finds 
the spongy parenchyma gone, and only 
the central stele left. Below these ema- 
ciated leaves, but still in the F-layer, the 
leaf bundles are fragmented and various 
bundle fragments are matted together by 
the hyphae, forming a fairly dense and 
fibrous tissue. The upper and lower 
halves of the F-layer, therefore, have the 
same characteristics as the duff carpet, 
but that layer lies directly on the mineral 
soil, which is covered by a sprinkling of 
fine, blackish granules. Here, although 
reduction is complete, the soil does not 
seem to receive much benefit. No real 
H-layer, as found in mull soil, is devel- 
oped. Herbaceous plants are few and 
widely scattered. Earthworms are un- 
common and small. One must conclude 
that the white pine carpet is not condu- 
cive to good soil fertility. Can it be 
changed to bring about more mixture 
between carpet and soil? Here resides 
the secret of good forest soil and good 
forest culture. There must be annuals, 


_and there must be root eaters and soil 


mixers. 
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TYPES OF FOREST CARPETS 


OrGANIC GRANULES 


If the leaf carpet of an old-field stand 
is raised to disclose the underlying min- 
eral soil, the soil surface will be found 
to be sprinkled with granules of various 
caliber. But most conspicuous, when 
present, is a disk two to three inches in 
diameter made up of granules of appar- 
ently uniform size. The center of these 
lacy doilies is an earthworm burrow, and 
the granules are the castings of the worm. 
They vary in hue, according to the color 
of the mineral soil from which they are 
largely derived, and average a millimeter 
in diameter, are slightly longer and have 
rounded ends. Usually the sides are em- 
bellished by concentric or conchoidal 
black streaks, which are quite prominent 
when moist. Although the castings of 
the large meadow and lawn earthworm 
(Lumbricus terrestris) are usually 
voided to form a nodular clump, the 
castings of the smaller, woodland worms 
are seldom found amalgamated, but are 
strewn over the soil surface or even on 
the lower, well-decayed leaves. Granules 
which are deep greenish-black to black 
are the feces of arthropods. Sometimes 
the granules will be more or less linked 
to each other by fungal hyphae to form 
clots or webs. With time and under cer- 
tain conditions, granular material ac- 
cumulates to form a definite overlayer of 
increasing depth. An overlayer of 
granules two or three inches in depth may 
lie over the hard mineral soil of an old- 
field as an entirely distinct unit. As the 
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soil animals work the mineral soil, this 
sharp distinction becomes more and more 
obliterated and in time the overlayer 
becomes the mull horizon of mull soil. 

Other types of granular material are 
also present. Some of them are slender, 
rodlike and rough. I have such 
under pines, made up of fragments of 
poorly digested pine needles. As this 
horizon of granules is a contribution of 
excreta (either oral or anal, or both) 
from animals living in the mineral soil 
as well as from animals feeding in the 
F-layer or even in the overhanging vege- 
tation, it is not a typical H-layer. It 
may be conceived of as a no-man’s-land 
or an overlayer. In places, earthworms 
castings occur in all degrees of disintegra- 
tion, but when they have lost their char- 
acteristic they resemble 
granules. With time these organic gran- 
ules become compacted and amalgamated 
to form the upper face of the mineral 
soil. 

Let us now look at our carpets in the 
fourth dimension, considering the time 
factor. Time is the weaver each autumn 
spreading out a new layer of warp. 
Through the year the fungi weave in the 
hyphal woof and the minute animals eat 
away at the carpet, reducing it from say 
two inches to one. What matters it? 
Next year a new warp will be laid down 
and more woof woven in. Thus the car- 
pet is repeatedly renewed from upward 
downward, under our very feet, so 
gently, so gradually, that we wot not of 
it nor of its myriad wildlings. 


seen 


shape soil 








ON THE RATE OF CHEMICAL REACTIONS 


By Dr. EUGENE WIGNER 
PROFESSOR OF MATHEMATICAL PHYSICS, PRINCETON UNIVERSITY 


Dr. HENRY EYRING 
ASSOCIATE PROFESSOR OF CHEMISTRY, PRINCETON UNIVERSITY 


From less than 92 known elements, 
about a million compounds have been 
prepared by chemists. More than half 
of these compounds contain only four 
elements: carbon, hydrogen, oxygen and 
nitrogen. How is such a great number 
of combinations possible ? 

Certainly there is something strange 
about this. If we mix two elements, ¢.g., 
sodium and chlorine, only three different 
‘*compounds’’ can arise; if we have more 
sodium than chlorine, practically all the 
latter will be bound to form rock salt and 
the remainder of the sodium will be left 
intact. If we have more chlorine than 
sodium, chlorine will be left over in addi- 
tion to the rock salt. There are only 
three compounds: sodium, rock salt and 
chlorine. What an enormously different 
situation we encounter if we consider 
now the compounds containing only car- 
bon and hydrogen! About ten thousand 
distinct compounds of these elements are 
known. The actual number of such com- 
pounds is probably only limited by the 
C and H atoms available to be built into 
the compounds. Certainly at any par- 
ticular temperature not all these com- 
pounds are stable. At ordinary tem- 
peratures, methane is the only hydro- 
earbon which is stable, in addition to 
which we can have excess of carbon 
(graphite or diamond) or hydrogen. No 
two pure solids of the same composition 
ean be stable over a range of tempera- 
ture. 

Why is it, then, that although a ben- 
zene molecule could break up into three 
acetylene molecules, pure benzene re- 
mains unchanged for an indefinite length 
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of time? However, if one adds some 
suitable compound (a catalyst) the sys- 
tem proceeds very rapidly to equilib- 
rium, the benzene decomposing into 
acetylene. 

It obviously is the slowness of most 
reactions which allows this almost end- 
less variety of organic substances to 
exist. This indeed is what makes life 
possible and prevents our immediate and 
complete combustion in the oxygen of 
the air. No wonder that the beginnings 
of the study of reaction rates are lost in 
antiquity. 

The first measurement of a reaction 
rate has been made by Wilhelmy in 1850 
and the problem of the mechanisms by 
which chemical reactions proceed has 
been a center of interest in chemistry 
ever since. Van’t Hoff, in his famous 
‘*Etude de dynamique chimique,’’ recog- 
nized clearly the dynamical nature of 
chemical equilibria. That is to say, 
whenever a reaction like 


20,H, = CH, + C,H, 


comes to equilibrium, this means that 
the number of ethane molecules being 
formed in unit time is just balanced by 
the number of such molecules combining 
to give methane and propane. The well- 
known rapid increase of reaction rates 
with temperature results from the fact 
that only abnormally violent collisions 
ean lead to reaction and the number of 
such collisions increases rapidly with 
temperature. The necessity of high 
energy concentrations for reactions was 
pointed out by Arrhenius toward the end 
of the last century. 
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RATE OF CHEMICAL REACTIONS 


At the present time, we believe that the 
fundamental features of the mechanism 
of reactions are well understood. This 
has been possible because of the pioneer- 
ing work of many brilliant men, only a 
few of whom we can mention here. W. 
C. McLewis was the first to calculate the 
number of violent collisions. To the pio- 
neering work of Marcelin, Polanyi, Bron- 
sted and Herzfeld we owe the gradual 
development of the notion of the acti- 
vated state. Rice, Ramsperger and Kas- 
sel completed the theory of unimolecular 
reactions along the lines suggested by 
Lindemann and Hinshelwood. Lewis 
and Smith, Daniels and Trautz applied 
kinetic theory to monomolecular proc- 
esses and did much in the way of study- 
ing systematically many reactions. Later 
a considerable portion of reactions were 
found to go faster on the walls, and the 
understanding of these catalytic proc- 
esses have been conspicuously advanced 
by the work of I. Langmuir and that of 
H. 8S. Taylor. 

The rest of the development is an in- 
teresting example of the progress and 
obstacles and the way they are overcome 
in the advancement of science. As a mat- 
ter of fact, we shall see that the calcula- 
tion of absolute reaction rates is a simple 
example of the application of statistical 
mechanics. It is based on the concept 
that the atoms are moving under the in- 
fluence of ordinary forces which are 
also responsible for the chemical valence. 
The difficulty of physicists in grasping 
this situation was that they believed on 
the basis of the older quantum theory 
that chemical reactions involved rather 
mysterious quantum jumps. Tolman 
and Herzfeld derived formulas very 
similar in principle to those which we 
shall discuss, on the basis of this theory. 
Chemists were not bothered by the notion 
of quantum jumps but were less familiar 
with the methods of statistical mechan- 
ics. As a matter of fact, Rodebush and 
Rice and Gershinowitz derived formulas 
which are similar to the ones to be dis- 
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cussed. They, like earlier workers, how- 
ever, did not make the fullest use of our 
present knowledge of the nature of forces 
acting during a chemical reaction. 

When the notion of ordinary forces 
acting between atoms was reestablished 
by the work of London, it soon became 
clear how the considerations just men- 
tioned can be formulated on a general 
basis. This is all that has been done by 
Polanyi and Pelzer in collaboration with 
the present writers. 

A nice way of representing the motion 
of the atoms is by a diagram in the ‘‘con- 
figuration space.’’ Suppose we have 
three atoms moving with respect to each 
other in a straight line. The configura- 
tion space is two-dimensional then, the 
X coordinate being the distance of atoms 
1 and 2, the Y coordinate the distance 
between 2 and 3. Every point in this 
configuration space corresponds to a con- 
figuration of the three atoms. The forces 
between the atoms can be derived from 
the potential energy for this configura- 
tion. If we make a landscape over the 
configuration space such that the height 
at any point is equal to the potential 
energy for this configuration, a ball roll- 
ing on this landscape will represent the 
motion of the three atoms under the in- 
fluence of the forces between them. The 
relative position of the atoms will change 
in reality in such a way that the corre- 
sponding point in configuration space 
always coincides with the position of the 
ball. If we are interested in a system 
of more than three atoms or if their 
motion is not restricted to a line, we must 
use a configuration space of more di- 
mensions. 

Stable chemical compounds correspond 
to low regions in our landscape. If the 
ball is in such a low region and has little 
velocity, it will stay in this region for- 
ever. There may be several regions of 
comparatively low energy, corresponding 
to several apparently stable groups of 
molecules. <A reaction will then consist 
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in the passing over of our ball from one 
low region to another. 

For such a passage, it needs, first of all, 
enough energy. The average amount of 
energy which such systems have is pro- 
portional to the temperature. However, 
at any particular temperature, some 
systems will have less than the average 
energy and a very small number, very 
much more energy. Only the systems 
with exceptionally high energy will be 
able to pass from one low region to the 
other, and the fraction of the systems 
which have this unusual amount of 
energy increases very rapidly with the 
temperature. This fact accounts for the 
rough empirical rule that the reaction 
rate doubles with a 10° increase in tem- 
perature. 

In order to make an actual calcula- 
tion of the reaction rate of the reaction 
H, +J,=2HJ, say, the fundamental idea 
of Gibbs may be utilized. Imagine a 
reaction vessel with a great number of 
H, and J, molecules. Let us subdivide 
the vessel into small compartments, each 
containing one single H, and J, molecule. 
The number of collisions between H, and 
J, molecules will be still the same as in 
the original vessel. However, every H, 
can react with one J, only so that we 
need to consider the configuration space 
of one pair of molecules only, instead of 
considering the coordinates of all the 
molecules simultaneously. 

The instantaneous state in each com- 
partment can be represented by a point 
in the configuration space. There will 
be one point in the configuration space 
for each compartment. As the molecules 
move in each compartment, the corre- 
sponding points in the configuration 
space will swarm like people in a moun- 
tainous region. To begin with, only one 
valley in configuration space is popu- 
lated. The people scurry around ap- 
parently aimlessly. Most of them have 
too little energy to rise much above the 
floor of the valley. Even those who have 
enough energy to emerge from the crowd 
will go uphill at any arbitrary place and 


only a few of the lucky ones will strike 
the path that leads into the neighboring 
valley. The number of these successful 
ones is all that concerns us. Their num- 
ber gives us the number of reactions in 
our original vessel. 

We can count these lucky people by 
multiplying their density at the top of 
the pass with the velocity with which 
they are traveling. Account must be 
taken, of course, of the fact that some of 
them which passed the crest of the hill, 
having encountered some obstacle, return 
without having descended into the new 
valley. 

Both the density of the people in the 
pass and their velocity are given by 
standard formulas of statistical mechan- 
ics. Indeed, the velocity depends only 
on the temperature and the mass of the 
atoms involved. The density depends 
only on the temperature, the density of 
population in the valley and the height 
of the pass above the valley floor. Thus 
the whole reaction rate depends only on 
the nature of the landscape in the imme- 
diate neighborhood of the pass, the na- 
ture of the valley floor and the tempera- 
ture. It has practically nothing to do, 
however, with the intervening country. 
The paths leading from one valley to the 
other may traverse many lower passes 
and intermediate valleys. All this will 
have little effect on the density of the 
highest pass and thus practically no ef- 
fect on the reaction rate. 

The intermediate valleys correspond 
to the intermediate compounds, fre- 
quently isolated by skillful chemists. 
These give us important information on 
the topography of the landscape. The 
mere fact that they can be isolated shows, 
however, that they inhabit low valleys 
and not the critical pass where density 
determines the rate of reaction. 

Of all the quantities entering into the 
calculation of reaction rates the height of 
the pass above the valley is responsible 
“for the greatest uncertainty. Except for 
a few cases, so far, it has always been 


necessary to derive this value from the- 
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experiments on reaction rates themselves. 
An improvement of our knowledge of the 
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Fig. 2. PHOTOGRAPHIC PICTURE OF THI AND 
SCAPE OF Fic. 1, TAKEN FROM THE WORK OF 
( Ik’, GOODEVE. 
landscape is highly desirable, therefore 
This will be achieved, no doubt. in two 


different ways—partly by a further im 


provement in the theoretical caleulation 


of such surfaces, partly also by experi 


investigations from which em 


mental 
pirical rules can be derived. The ques 
tion of absolute rates thus reduces to the 
eonstruction of the 


appropriate energy 


surfaces, after which it becomes a simple 


problem of arithmetic 
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THE PROGRESS OF SCIENCE 


WILLIAM MORTON WHEELER 


THe sudden death of Wheeler, on 
April 19, seems in a manner incredible. 
For so many years he has been part of 
our entomological world, and we had not 
contemplated a time when we should 
have to do without him. 
we need not think of such a time, for his 
works remain and will retain their essen- 
tial vitality far into the future. 
ity will read them with profit and admi- 
ration, but we are sorry for those who 
did not know the living, energetic, enthu- 
siastic Wheeler as we have known him in 
the flesh. I think of the summer of 1906, 
when Wheeler came out to Colorado to 
take part in an expedition to Florissant. 
We were hunting 
digging a trench in the voleanie shales, 
many 


In a true sense, 


Poster- 


fossil inseets, and 


uneovered remarkable species, 
which have But 
Wheeler also looked for living ants, and 
we sprawled on the ground, while he 
showed us the red Polyergus and de- 
scribed to us its slave-making operations. 


since been deseribed. 


He had an almost uncanny knowledge of 
the ants, and could recognize most of the 
North American kinds at a glance. Thus 
we spent the days hunting and observing, 
and in the evenings discussed many mat- 
ters far into the night. In Chicago, in 
Texas, at the American Museum in New 
York, and Harvard, 
Wheeler contribu- 
tions, not only to the literature of his 


in later days at 


has made his great 
subject, but also to the enrichment of the 


lives of numerous disciples, many of 
whom are now doing important work. 
It has been impossible to escape his in- 
fluence, for, as was once said of another 
man, when he did not reach the people, 
he reached the people who reached the 
people. 

Wheeler’s best apologia, so far as it 
concerns his work on ants, is found in the 


preface to his classical work ‘‘ Ants,’’ 


= 


published in 1910. He 


began in an 


says ‘*My work 


endeavor to increase our 
systematic knowledge of the North Amer 
lean ants, but I was fascinated by the 
activities of these insects and soon 
the their 


onomy 


saw 


advantage of studying tax 


v1, : 
Chis 


method, which was, indeed, unavoidable 


and ethology conjointly 
has greatly retarded the appearance ol 
the present work, for it was impossible 


to write about the behavior of many of 


our most interesting forms fill then 
taxonomic status 
tled. On the 


satisfaction in 


ad been definitely set 
! could find no 


devoting all my 


other hand, 
energies 


to collecting and _ labelling 


without 


specimens 
observe the 
facts that 


the same time thrusting themselves upon 


stopping to many 


g were at 


surprising ethologica 


my attention. My observations have now 


covered so much of our fauna that I shall 


soon be able publish a systematic 


monograph, which will, I hope, enable th 


student to form a rapid acquaintance 
with our ants.”’ 
Alas! the monograph has not appeared, 


at least not in its entirety, thoug!l 


Wheeler has published revisions of sey 


eral of the more Important genera 
Trying to define W heeler’s tvpe OT 

mind, it may perhaps be said that it was 

restless and expansive. There are college 


professors who are content to reach a e 
tain state of perfection, and let it go at 
that, 


same Way, year 


things, in the 
But Wheele 


always appeared to be going somewheré 


teaching the same 


aiter vear. 
and thus when he took up the study of 


American 


ants, he soon found himself 
involved with the ants of the world on 
the one hand, and the whole field of com 
parative psychology on the other. This 


led him to visit Australia to see the re 
markable and primitive ant-fauna of that 


eountry, and to write at great length on 
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the ants of Africa, of Central and South 
America and of many parts of Asia. 
Every one of his papers, no matter how 
technical or taxonomic, was illuminated 
by comments on evolution, geographical 
distribution and similar broad topies. 

There existed a parallel yet different 
type of man in Switzerland. This was 
Forel, the great European myrmecolo- 
gist, who also concerned himself with 
psychology, and was in fact an authority 
of note on diseases of the mind. Forel 
and Wheeler were in active cooperation 
for many years. Wheeler once described 
to me some of the incidents of his visit 
to Forel, and told with relish the parting 
comment of the Swiss, ‘‘ Wheeler, you are 
outwardly calm, but inwardly perturbed. 
I am outwardly perturbed, but inwardly 
calm.’’ Wheeler declared that this was 
essentially true; as we think of it now, 
he combined in one individual a high 
development of the emotional and intel- 
lectual faculties. One can imagine that 
he might have been a great religious or 
political leader, had he not adopted the 
principles and practices of the scientific 
worker. 

Wheeler not only had an admirable 
English style, but was quite at home with 
German and French. It was thus pos- 
sible for him in 1925 to act as exchange 
professor at the University of Paris, and 
while there he saw the unpublished 
manuscript of Réaumur. This eighteenth 
century worker was a pioneer of a type 
to instantly win Wheeler’s admiration, 
and the result was the publication, in 
English, of a translation of Réaumur’s 
treatise on ants. This includes numerous 
critical annotations, and an account of 
the life and work of Réaumur. 

The main facts concerning Wheeler’s 
life will be told elsewhere. Born at Mil- 
waukee in 1865, he early came under 
German influences, attending a German- 
American college. He took up the study 
of entomology very early, being first at- 
tracted to it by observing some burying- 


beetles working under a dead animal. 
After a time, he became the happy pos- 
sessor of Say’s ‘‘Entomology,’’ which 
contained descriptions of many North 
American insects. He once told me that, 
when very young, he found numerous 
beetles which were not in Say, and inno- 
cently proceeded to describe them, sup- 
posing them to be new. This effort was 
of course never published, but it is of 
interest as showing at an early age the 
habit of going beyond the books, reaching 
out to nature for new revelations of her 
works. 

Some of his early work, which would 
indeed have given him a permanent place 
in zoology, if he had done nothing else, 
was in the field of embryology. That he 
gave up such laboratory studies and 
turned to the observation of living things 
showed the strong and constant trend of 
his mind. When, in later years, he wrote 
many severely taxonomic papers, they 
were always illuminated by the thought 
of vital processes, which in the light of 
his great knowledge could be inferred 
even from cabinet specimens. 

We should like to think that Wheeler 
will have worthy successors. But one of 
the most eminent American zoologists 
recently expressed to me his regret that, 
as it appeared to him, the young men 
were growing up to be admirable and 
even marvelous technicians, but with 
little breadth of view. It is through the 
development of this technique, and the 
intensive work of the laboratories, that 
great advances are now being made in 
the field of biology. Yet the work of 
Wheeler, looking toward the processes of 
nature as seen in the field, and the results 
of those processes as expressed in classi- 
fication, calls us to a vast undertaking 
which seems to have no end, in which all 
zealous students may have a part. As 
we proceed, we learn many things, while 
at the same time meeting innumerable 
unsolved problems, calling us onward. 
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THE ANNUAL MEETING OF THE NATIONAL ACADEMY OF SCIENCES 


THe National 
held its seventy-fourth annual meeting 
on April 26, 27 and 28, at the academy 
building in Washington, D. C. One hun- 
dred and thirty-one members were pres 
ent—nearly one half of the total member- 
At this time of vear Washington 


Academy of Sciences 


ship. 
is especially beautiful and attracts many 
visitors who come to enjoy the city and 
to take part in meetings and conventions 
of different the 
week in April approximately one thou 


groups. During last 
sand scientists attend the meetings of the 
National the 
American Geophysical Union, the Ameri- 
can Physical Society, the American Me- 


Academy of Sciences, 


teorological Society and the Institute of 
Radio Engineers with the American See- 
tion of the International Scientifie Radio 
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scope of the subjects presented. Dr. O. 
E. Schotté, of Amherst College, discussed 
‘*Embryonie Induction in Regenerating 
Tissue,’’ as illustrated by experiments on 
transplanting embryonic eye-cups of 
Rana pipiens below the skin of regener- 
ating tails of large tadpoles of the same 
species. These eye-cups induced the 
neighboring tissues to differentiate into 
typical lenses and eventually to develop 
adjacent organs as neoformations, such 
as ear vescicles with labyrinth and mouth 
cavities on the tadpole tail. Dr. Schotté 
coneluded that ‘‘every cell possesses po- 
tentially everything to produce any type 
of tissue or organ.’’ Dr. Simon Flexner, 
of the Rockefeller Institute for Medical 
Research, described in a paper on ‘‘Im- 
munity and Reinfection in Experimental! 
Poliomyelitis’’ the effects of reinocula 
tion of monkeys which had recovered 
from attacks of poliomyelitis (infantile 
paralysis) experimentally induced. The 
monkeys were found to be subject to 
reinfection by the nasal route, thus indi- 
eating that vaccination, in the case of 
monkeys, does not give the protection 
that recovery from the natural disease 
affords. ‘‘It is thus apparent that the 
two immune states in poliomyelitis, one 
based on recovery from an attack of the 
disease and the other symptomless reac 
tion to virus injections are not identical 
They do agree in that under both sets of 
conditions antibodies usually appear in 
the blood.’’ 

Investigations by Dr. H. G. Barbour, 
of Yale University, on the effects of the 
presence of heavy water (deuterium 
oxide) in mice on the nervous system 
were described in a paper on ‘‘Sym 
pathomimetic Influence of Deuterium 
Oxide.’’ Dr. Barbour and associates 
found that, when half the body water of 
a mouse is replaced by heavy water, the 
animal dies; ‘‘when, however, the body 
water is but one fifth saturated with 
heavy water the mouse survives, but lives 
at a faster rate; metabolism is increased 
by some 20 per cent., usually with eleva- 
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tion of body temperature. The results 
obtained indicate that the effects may be 
due to excessive stimulation of sympa- 
thetic nerve mechanisms (sympatho- 
mimetie action ).”’ 

Drs. E. N. Harvey, G. A. Hobart, ITT, 
and A. L. Loomis, of Princeton Univer- 
sity and the Loomis Laboratory, reported 
upon ‘*Cerebral Processes during Sleep 
as Studied by Human Brain Potentials.’’ 
They discovered that the electrical po- 
tentials of the brain differ greatly in 
pattern from person to person; at one 
extreme, the wave frequency is 10 per 
second; at the other, from 30 to 40 per 
second. In an individual of the 10-beat 
type profound changes in rhythm oceur 
during a period of sleep; as he falls 
asleep the 10-second rhythm is inter- 
rupted and is replaced by large random 
potentials; deep sleep is characterized 





by random potentials plus short bursts 


of 14 per second rhythm. These phe- DR. DUNCAN A. MAcINNES 


nomena enable the observer to distinguish ASSOCIATE MEMBER, ROCKEFELLER INSTITUT! 
the states of sleep in persons of this type. 1 es 

Dr. F. G. Benedict, of the Carnegie In- 
stitution of Washington, described ex- 
periments made on geese and mice to 
ascertain if body fat is a factor in heat 
production. He found that the daily 
heat production and the heat production 
per gram of dry protein of a fat mouse 
weighing 60 grams was more than twice 
that of a 20-gram albino mouse. Similar 
tests on geese indicate that body fat plays 
a part in metabolism. ‘‘The obese must 
pay in calories for their fat loads.’ 

Drs. H. W. Haggard and L. A. Green 
berg, of Yale University, discussed ‘‘ The 
effects of aleohol as influenced by blood 
sugar.’’ They found that the intoxicat- 
ing and lethal effects of grain alcohol 
are due to its action on the brain and that 
the concentration of alcohol in the brain 
depends upon that in the blood. The in- 
crease of sugar in the blood after a meal 





greatly lessens the pharmacological effect 
of aleohol. In rats, which are fed sugar, DR. DONNEL FOSTER HEWETT 


the toxicity of alcohol is influenced in- GroLoaist, U. 8. GEOLOGICAL SURVEY 
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versely by the amount of sugar in the 
blood. 
upon the action of alcohol is connected 


This modifying effect of sugar 


with the combustion of alcohol in the 
tissues. Methyl alcohol and ether are 
not appreciably burned in the body, and 
the concentration of sugar in the blood 
does not influence their lethal concentra- 
tions. Evidence has been obtained indi- 
cating that man reacts similarly. 

Drs. G. L. Streeter, E. A. Park and 
Deborah Jackson, of the Carnegie Insti- 
tution of Washington, in a study of the 
‘Hereditary Vulnerability of Dietary 
Effects in the Development of Bone,’’ 
found that when young rats at the end 
of the first month are placed for three 
weeks on a rachitic diet and then re 
turned to a normal diet the effect of this 
treatment persists throughout the life of 
the rat and is transmitted to its voung. 
Following 14 generations of such selee- 
tion and inbreeding this strain of rats 
reacts more severely to a rachitic diet 





DR. CALVIN B. BRIDGES 
DEPARTMENT OF GENETICS, CARNEGIE INSTITI 
TION OF WASHINGTON, PASADENA, 


than do non-treated rats. ‘‘From such 
experiments we can understand why 
under equally unfavorable conditions the 
children in some families acquire rickets, 
while others do not.’’ 

Drs. L. H. Germer and K. H. Storks, 
of the Bell Telephone Laboratories, in- 
vestigated the ‘‘Structure of Langmuir- 
Blodgett Films of Stearie Acid’’ by 
preparing multiple molecular layers of 
stearic acid upon metal blocks by the 
Blodgett method. They found that elec- 
trons scattered from such built-up sur 
face films produce diffraction patterns 
consisting of segments of sharp lines nor- 
mal to the specimen and arranged along 
diffuse inclined bands which are parallel 
and equally spaced. The stearic acid is 
formed into large monoclinic crystals and 
arranged with a long crystallographic 
axis parallel to the long axis of the indi 
vidual molecules and inclined 57> to the 
surface plane, and with two orthogonal 
axes of lengths 9.4A and 5.0A in the sur 





° DR. CARL G. HARTMAN 
DEPARTMENT OF EMBRYOLOGY, CARNEGIE INSTI 
TUTION OF WASHINGTON, BALTIMORE. 
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face plane, in agreement with that of 
single crystals of stearic acid. 

Dr. G. H. Parker, of Harvard Univer- 
sity, in a study of neohumors, which are 
hormones produced by the secretory por- 
tions of the nervous system or by glands 
immediately associated with this system, 
that 
glands are soluble in water and are car- 


found neohumors from obvious 


ried by the blood (hydrohumors) ; those 


from nerve terminals are insoluble in 
water but soluble in ether or oil (lipo- 
in action, while 
It is 


‘*neohumors, contrary 


humors), and are local 
hvdrohumors are general in action. 
thus evident that 
to the 
diverse and numerous set of substanee.’’ 

Dr. Warren H. Lewis, of the Carnegie 
Institution of Washington, 
upon the part played by macrophages 


older view, are an extremely 


reported 


which come from the large mononuclear 
white blood cells and are scattered in the 
They 


serve not only as scavengers, but as 


tissue spaces throughout the body. 


me 


DR. CHARLES THOM 


Sol Mi I S DEPARTMENT OF 


RO-BIOLOGY, 


Ay 


‘pinoecytes’’ (drinking cells) and proba 


bly maintain the body fluids in proper 
condition by ‘digesting and thus modi 
fying the tissue fluids which bathe most 
of the cells of the body.”’ 

From studies on the lankton and 
Radiolarian Ooze in Paleozoic Forma 
tions of New York,’’ Dr. R. Ruedemann 


Y ork 


‘*radiolarian chert represents 


of the New Museum. ¢on 
cluded that 
radiolarian ooze 
responding to that at 
formed to-day and that the bottom of the 


State 


formed at a depth cor 
which the ooze is 
Appalachian geosyncline sank at times to 
abyssal depths si 

Drs. M. A. Tuve, L. R. Hafstad and 
N. P. Heydenburg, of the Carnegie Insti 
tution of Washington, in a statement on 
‘*The structural forees of atomic nuclei’ 
showed from measurements on the angu- 
lar scattering of a beam of protons pass- 
through that the 
Coulomb law of repulsion fails at very 


ing hydrogen 


vas 


close distances. Their measurements in- 
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DR. GEORGE R. MINOT 


PROFESSOR OF MEDICINE, HARVARD MEDICAL 


SCHOOL. 





DR. E. GOODPASTURE 
PROFESSOR OF PATHOLOGY, VANDERBILT 
UNIVERSITY. 


dicate that the proton-proton forees are 
nearly identical with the proton-neutron 
and the neutron-neutron forees; these 
three attractive forces are the structural 
basis for the formation of the nuclei of 
the chemical elements. Observations in 
the region of 200 to 500 kilovolts prove 
that ‘‘the forces between two protons 
change from repulsion to attraction as 
they are brought close together.’’ 

Drs. P. A. Levene and Alexandre 
Rothen, of the Rockefeller Institute fo 
Medical Research, discussed the *‘ Mecha 
nism of the Reaction of Substitution an 
Walden Inversion’’ and proved by ex 
periments with secondary normal al 
phatie alcohols and corresponding amines 
and the three corresponding chlorides, 
bromides, and iodides that, with certai 
substitutions on the optically active cai 
bon atom, ‘‘one substitution by a nega 
tive ion takes place on the positive, the 
other on the negative end of a dipole.”’ 

The Monday evening public lecture 
was given by Dr. G. H. Whipple, of the 
School of Medicine and Dentistry, Un 
versity of Rochester, New York, on the 
subject ‘*The Romance of Hemoglobin 
Dr. Whipple has studied the production 
of new red cells in the blood of dogs made 
anemic by bleeding under controlled ex 
perimental conditions and has measured 
the production of hemoglobin as influ- 
enced by various factors. He has found 
that when red cells wear out in the cire 
lation they disintegrate and the hemo 
vlobin or red coloring matter of the blood 
breaks down into three fractions: iron, a 
pigment radicle (hemin), and the large 
globin fraction or protein part. The live) 
and bone marrow are the chief agencies 
for the production of new red cells and 
hemoglobin. Diet is an important factor 
by which we may control hemoglobin pro 
duction. Liver gives a maximal produc 
tion of hemoglobin; green vegetables are 
mt a mid position; fruits may be active 
(apricots, prunes, peaches) or may be 
inert (berries). Dr. Whipple’s interest- 
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ing lecture on this important but difficult 
subject was enthusiastically received by 
the many listeners. 

On Monday afternoon the academy 
members and guests visited the Folger 
Shakespeare Library on invitation of its 
director, Dr. Joseph Quincy Adams, who 
showed the group over the library, ex- 
plained its purposes and exhibited many 
of the rare books and treasures from the 
Elizabethan period in the Folger collee- 
tion. The visit was extremely interesting 
and was greatly appreciated by the acad 
emy members. 

At the annual dinner President Lillie 
delivered, at the request of the committee 
on arrangements, a brief address on the 
status of the academy and on its accom 
plishments during the past year. He 
mentioned briefly the special problems on 


which the government has sought the 





advice of the academy since the last an 


nual meeting. These requests are re DR. LEO LOEB 
ferred to the Government Relations and — pyerrrrs Proressor or PaTHoLocy, W 
Science Advisory Committee for consid- ron UNIVERSITY 


eration as they are received. Each prob 
lem is studied and reported upon by a 
special subcommittee appointed for the 
purpose ; its report is transmitted by the 
president of the academy direct to the 
government department or agency which 
sought the advice. This procedure has 
functioned satisfactorily and with good 
results in the variety of problems thus 
far investigated. 

Following the president ’s address, four 
medals were presented : (1) The Agassiz 
Medal for Oceanography, awarded to Dr 
Martin Knudsen, of the University of 
Copenhagen; (2) the Henry Draper 
Medal, awarded to Dr. C. E. Kenneth 
Mees, of the Eastman Kodak Company ; 
(3) the James Craig Watson Medal, 
awarded to Dr. Ernest William Brown, 
Yale University Observatory; (4) the 
Mary Clark Thompson Medal, awarded 
to Dr. Amadeus William Grabau, of the 
National University of Peking, China. 

At the business session the membership DR. EDWARD C. TOLMAN 
limit was raised from 300 to 350. Dr. PROFESSOR OF PsyCHOLOGY, UNIVERSITY 0} 
Arthur L. Day, of the Carnegie Institu- CALIFORNIA. 
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tion of Washington, was reelected vice- 
president for a period of four years. Dr. 
H. S. Jennings, of the Johns Hopkins 
University, was reelected a member of the 
council, and Dr. O. Veblen, of the Insti- 
tute for Advanced Study, Princeton, was 
elected a member of the couneil, each for 
a period of three years. Dr. August 
Krogh, professor of zoophysiology at the 
University of Copenhagen, Denmark, was 
elected a foreign associate of the acad- 
emy. Fifteen men, whose portraits are 


here reproduced with the exception of 
Dr. Seth B. Nicholson of the Mount 
Wilson Observatory, were elected to 
membership in the academy. 

The present membership of the acad- 
emy is 299; there are 40 foreign associ- 
ates, with a limit of 50. 

The autumn meeting of the academy 
will be held this year on October 25, 26 
and 27 at the University of Rochester. 

F. E. Wricut, 


Home Neere tary 


THE DENVER MEETING OF THE AMERICAN ASSOCIATION FOR THE 
ADVANCEMENT OF SCIENCE 


In June this year, scientists from the 
East and from the West, from the North 
and from the South, will gather in Den- 
ver, Colorado, to attend and take part in 
the one hundredth meeting of the Ameri- 
ean Association for the Advancement of 
Science. The formal sessions will begin 
on Monday, June 21, and continue dur- 
ing the remainder of the week. 

Not only will the Denver meeting be 
the hundredth one of the association, but 
it will be the first in which both the Pa- 
cific Division and the Southwestern 
Division have joined with the parent 
organizat ion. These divisions of the asso- 
ciation will be responsible for some of the 
most important features of its programs. 
Of the principal evening addresses, one 
will be delivered by Dr. Herbert M. 
Evans, president of the Pacific Division, 
and the other will be delivered by Dr. A. 
E. Douglass, representing the Southwest- 
ern Division. Sinee the association is 
American in the continental sense, dis- 
tinguished Canadian scientists will par- 
ticipate, as usual, in its meeting this sum- 
mer. Indeed, the meeting will be in a 
wider sense international, for Dr. Nevil 
V. Sidgwick, a distinguished representa- 
tive of the British Association for the 
Advancement of Science, will deliver the 
Maiben Lecture. 

The 18,000 active members of the asso- 
ciation are organized into 15 special sec- 


tions which, together with 161 affiliated 
and associated societies, cover practically 
all pure and applied science. Conse- 
quently, the subjects on the programs of 
the meeting will range from the mysteri- 
ous cosmic rays to the ‘‘dust bowl”’ prob- 
lem, from solar storms and the aurora 
borealis to loathsome leprosy. And there 
will be papers by specialists on prehis- 
toric Indians, at one extreme, and on 
current scientific developments in meth- 
ods of edueation, at the other. Engineers 
will diseuss and visit great works in con- 
erete and steel. while mathematicians and 
economists will produce equally interest- 
ing and valuable structures in the realms 
of statistics. Geologists will look down 
into the earth, and astronomers will turn 
their eyes upward toward the stars. 
Even though religion finds no formal 
place on the programs of the meeting, 
under the deep blue Colorado skies and 
in the presence of its white-crowned 
mountains, many a visitor will feel with 
Byron 
Not vainly did the early Persian make 
His altar the high places, and the peak 
Of earth-o’ergazing mountains, and thus take 
A fit and unwalled temple, there to seek 
The Spirit, in whose honour shrines are weak, 
Upreared of human hands. Come, and compare 
Columns and idol-dwellings, Goth or Greek, 
With Nature’s realms of worship, earth and air, 
Nor fix on fond abodes to circumscribe thy 
prayer. 
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It is fitting that the centenary meeting 
of the association should be held at Den- 
ver, for this fine city is on the roof of the 
It is 
the terminus of six principal railroads, 
which offer 30-day 
rates at less than one and three quarters 


continent and almost at its center. 


summer excursion 
cents per mile; and leading into the city 
from every direction are perfect concrete 
At the very feet of some of the 
most majestic mountains in North Amer- 


roads. 


ica, it rests on a fertile plain made re- 
and delightfully 
Denver is a city of homes 


freshingly green by 
irrigation. 
and broad tree-lined streets and beautiful 
parks. It is a center of education and 
culture. Its early carefree spirit, born 
on the range and in the mine, has been 
succeeded by the culture and refinement 
of schools and churches and libraries 
without its losing the cordial hospitality 
characteristic of the frontier. 

Denver is the center from which one 
may take a remarkable number and vari- 
ety of mountain excursions. Four times 
daily transportation companies take visi 
tors over the circle of Denver Mountain 
Parks, including visits to historic Golden, 
once the capital of Colorado, and passing 
Trail by Sensation Point, 


over Lariat 


( 
oi } 


Windy Saddle and Hairpin Curve to the 
top of Lookout Mountain, on which is 
located the tomb of ‘‘ Buffalo Bill,’’ the 
most romantic character of the days of 
yn the 
is the 


Evans-Echo Lake excursion, 


thundering buffaloes and Indians « 


warpath. Even more sensational 
138-mile Mt 
made daily, as well as several other com 
And, 
incomparable Rocky Mountain National 
Park 250-mile Cirele 


the visitor drives several miles along the 


parable trips finally, there is the 


Tour, during which 


continental divide at an elevation of more 


than two miles. At other times he winds 


his way through long canyons cut deep 


by ice and water and in the cool shad 


of which columbines grow 


He spends a 


night at Grand Lake at an altitude 


8.370 feet, and on the next day passes 
through Arapaho National Forest, by the 
western portal of six-mile-long Moffat 
Tunnel, over Berthoud Pass, at an alti 
tude of 11,300 feet, and back to Denve1 
through Clear Creek Canyon 

Visitors to the meeting of the associa 
tion in Denver this June will have n 


only feasts for the mind at its scientific 
but 


inspiring excursions 


SESSIONS, feasts for the soul in its 


K’. R. MovuutTon 


Permane nt Secretary 


THE MEMPHIS MEETINGS ON EXPERIMENTAL BIOLOGY 


GOING to a Southern city for the first 
time in its history, the Federation of 
Societies for Experimental 
held its 
Memphis, Tennessee, from April 22 to 
24. The American Institute of Nutri- 


tion gave its usual program of papers in 


American 


Biology annual meetings in 


advance of the main sessions, on April 
21. The registration was the third larg- 
est in the history of the federation, total- 
ing 1,106. The meetings were held in the 
Hotel Peabody, whose commodious mez- 
zanine floor was able to accommodate all 
ten of the which 
progressed simultaneously, permitting a 


sectional meetings 


more easy movement from one progran 


to another than has been possible in other 
recent conventions of the federation 

The sessions were crowded with reports 
of new advances in the fields of phys 
ogy, biochemistry, pharmacology and 


pathology. Nearly 500 papers were pre 


; 


sented. High lights of the meetings 
included the discussion of the electri 
encephalogram by Dr. Hallowell Davis, 


of Harvard Medical School, the review 
of the nutritive significance of the amino 
acids by Dr. W. C. Rose, of the Univer 
sity of Illinois, and the address of Dr 
Thorvald Madsen, chairman of the healt} 





580 THE SCIENTIFIC MONTHLY 


committee of the League of Nations, who 
deseribed the work of his committee in 
setting up international biological stand- 
ards. 

Papers presented before the sectional 
meetings covered a vast territory, from 
the description of a new factor in the 
Vitamin-B complex responsible for black 
hair color, made by Dr. Agnes Fay 
Morgan, of the University of California, 
through reports of an electrical wave 
generated at the time of ovulation, re- 
ported by Drs. Reboul, Friedgood and 
Davis, of Harvard University, to the first 
demonstration of secretory nerves to the 
liver, described by Drs. Tanturi and Ivy, 
of the Northwestern University Medical 
School. The sectional meetings were 
more than usually well attended and 
were characterized by vigorous discus- 
sions. A thousand people crowded the 
convention hall of the Peabody on Thurs- 
day morning, April 22, to listen to papers 


presented before the joint sessions of the 
four federated societies, over which Dr. 
Alphonse Dochez, federation chairman, 
presided. 

The usual program of demonstrations 
was given on the afternoon of the 23rd, 
in the laboratories of the College of Medi- 
cine, University of Tennessee, which 
acted as host for the meetings. Local 
arrangements were made by a committee 
headed by Dr. O. W. Hyman, chairman, 
and Dr. T. P. Nash, secretary. Tea was 
served in the new University Center, by 
the ladies of the faculty. 

The members of the federation were 
given opportunities to visit the great cot- 
ton warehouses and other industries con- 
nected with the cotton business, to inspect 
the extensive slum clearance projects and 
to view the levee system which protects 
the city and surrounding low lands from 
flood waters. 

WILLIAM R. AMBERSON 


THE ECLIPSE EXPEDITION OF THE NATIONAL GEOGRAPHIC SOCIETY 
AND THE UNITED STATES NAVY 


THE total solar eclipse of June 8, 1937, 
longest in 1,238 years, will be observed 
from a ‘‘desert island’’ in the Pacifie 
Ocean by a large expedition under joint 
auspices of the National Geographic So- 


ciety and the United States Navy, 
equipped for many phases of eclipse ob- 
servation. 
Honolulu on May 6. 

Although the path of totality will 


The expedition sailed from 





THE U. 8. 8. AVOCET, WHICH CONDUCTED THE EXPEDITION TO THE 
PHOENIX ISLANDS. 
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MAP OF THE PATH OF THE ECLIPSE 
sweep 8,500 miles across the Pacific from filters; motion pictures of the entire 


New Hebrides to the coast of 


Peru, there are only two small! coral atolls 


near the 


in this entire distance which offer suit- 
able conditions for eclipse observation. 
These are Enderbury 
Islands, part of the Phoenix Group, 1,900 
miles southwest of Hawaii and just south 
of the Equator. 
so little known, it was necessary for the 
National Geographic-Navy Expedition to 
of the to 
after arriving in the vicinity and observ- 


Canton and 


Because the islands are 


choose which islands occupy 
ine local conditions. 

Both islands are not more than 25 feet 
above sea level, are uninhabited and have 
nine 


while 


central lagoons. Canton is only 


miles long and four miles wide, 
Enderbury is about one tenth as large. 
Considerable colleeted 
from the Phoenix the 


and coconut palms have been planted on 


guano has been 


Group in past, 
some of the islands. 

The scientific program of the expedi- 
tion includes spectrographic observations 
of the corona and the chromosphere; 
black and white photographs of the 
corona with various exposures and light 


eclipse ; timing of the contacts of the sun 
and moon; measurements of the total 
light of the corona and of its polariza 
tion; and observations of the effect of 


the eclipse on the ionosphere as indicated 
by radio signals sent and received inside 
the band of totality 

be both 


photography and by an artist who will 


The eclipse colors 


will recorded by natural color 


make a painting of the phenomenon 
A 


will be a series of radio broadeasts from 


unique feature of the expedition 
the island telling of the preparations and 
everyday life of the expedition, and cul 


the ecl 


‘lipse 


t 


minating in a description o 
itself. 

The scientific leader of the expedition 
Dr. S. A. Mitchell, of 
Leander MeCormick Observatory, 


is director the 


Uni 
previous eclipse expeditions. 
F’. Hellweg, U.S. N., Ret.., superintende t 
of the U. S. Naval Observatory, is 
charge of the Navy’s participation 


versity of Virginia, and veteran of 
Captain 


nn 


Other members of the party are: Dr 
Paul A. MeNally, 8.J., director, George- 
town College Observatory ; Dr. Irvine C. 
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Gardner, National Bureau of Standards ; 
Dr. Floyd K. Richtmyer, dean of the 
Graduate School, Cornell University ; 
Dr. Theodore Dunham, Jr., Mount Wil- 
son Observatory ; Charles G. Thompson, 
president, Foundation for Astrophysical 
Research; John E. Willis, U. 8S. Naval 
Observatory; Charles Bittinger, artist, 
Washington, D. C.; Richard H. Stewart, 
staff representative, National Geographic 
Society ; Walter Brown and M. 8. Adams, 
radio engineers, and George Hicks, radio 
announcer, all of the National Broadeast- 
ing Company. Lieutenant Thomas B. 
Williamson, U. S. N., is in command of 
the U. S. S. Avocet, which conducted the 
expedition to the Phoenix Islands; and 
Dr. Herman A. Gross, U. 8. N., has been 
assigned to look after the health of the 
party. 

Dr. Mitchell and Dr. Richtmyer are 
members of the National Academy of 
Sciences and Dr. Mitchell is president 
of the Commission on Eclipses of the 
International Astronomical Union. 

Dr. Mitchell and Dr. Dunham will 
record the spectrum of the corona and 
the flash spectrum, the latter being visible 
briefly just after totality begins and just 
before it ends. Dr. MeNally will photo- 
graph the corona, using the same two 
cameras he employed successfully during 
the solar eclipse of 1932, with various 
light filters. Dr. Gardner will make both 
black and white and natural color photo- 
graphs with a 19-foot camera of his own 
design, with which he obtained excellent 
results during the eclipse last June in 
the U.S.S8.R. Dr. Gardner has equipped 
his telescopic camera with a rotating disk 
with portions cut away in such a fashion 
that the faint, outer portion of the corona 
can be given a much longer exposure than 
the bright portion visible near the rim of 


the moon. 

Dr. Richtmyer will measure the coro- 
nal light and its polarization. Mr. 
Thompson will cooperate with Dr. Dun- 
ham in spectrographic observations. The 
Naval Observatory representatives will 


devote special attention to timing the 
contacts of the sun and moon. The rec- 
ords of these times will be extremely use- 
ful in the observatory’s function as 
time-keeper for the nation. Mr. Bit- 
tinger will paint the eclipse and Mr. 
Stewart will make motion pictures of the 
entire event. 

The Avocet is a former mine sweeper 
which has been converted to a seaplane 
tender. The ship will be anchored off- 
shore throughout the stay of the expedi- 
tion on location. Members of its crew 
will be detailed to assist the scientific 
party when it sets up camp on one of the 
islands. In the three weeks between ar- 
rival at the islands and the occurrence 
of the eclipse, the party planned to la) 
cement foundations for instruments, to 
determine the island’s exact location and 
to make other preparations. 

The width of the path of totality will 
vary from 125 miles at either end to 155 
miles in the center, and will be about 140 
miles in the Phoenix Islands. Duration 
of totality will be 4 minutes and 9 seconds 
on Enderbury Island, and three minutes 
and 35 seconds on Canton. The maxi- 
mum duration, 7 minutes and 4 seconds, 
will occur at noon at a point in the open 
ocean nearly 1,500 miles from the nearest 
land. The path of totality will cross the 
International Date Line in the mid- 
Pacific, so that the eclipse actually will 
begin on June 9 and end on June 8. To- 
tality will commence on Canton Island at 
7: 39 a.m. local civil time, and on Ender- 
bury at 7:42. This corresponds approxi- 
mately to 2:15 p.m. Eastern Standard 
Time. The altitude of the sun above the 
horizon at mid-totality will be about 22 
degrees on both islands. 

The unusual duration of this eclipse, 
the longest since 699 a.p., is due to a coin- 
cidence of three factors: It occurs near 
July 1, when the sun is at its greatest 
distance from the earth; it occurs at a 
timfe of the month when the moon is clos- 
est to the earth; and the moon’s shadow 
in this instance falls near the Equator. 

G. G. 
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New Mosby Books 


TRACK AND FIELD ATHLETICS 


300 pages, with 70 original illustrations. Ready in May, 1937. 


By GEORGE T. BRESNAHAN, Head Track Coach and Assistant Professor of 
Physical Education, University of lowa; and WAID WRIGHT TUTTLE, Asso- 
ciate Professor of Physiology, College of Medicine, University of Iowa. 

Track and Field Athletics is presented in a clear, orderly sequence so that the 
beginning high school student as well as the college athlete can intelligently follow 
the discussion. 

Leading track coaches of the country who by discussions and suggestions through- 
out the years have inspired the authors in their effort to improve. 

This book was written with the desire to correlate the best in athletic experience, 
to assist both the athlete and the coach in the perfeetion of their aims. 


PERSONAL HYGIENE 


390 pages, with 87 illustrations. Ready in May, 1937. 


By CLAIR ELSMERE TURNER, M.A., Dr.P.H., Professor of Biology and 
Public Health in the Massachusetts Institute of Technology; Formerly Associate 
Professor of Hygiene in the Tufts College Medical and Dental Schools; Sometime 
Member of the Administrative Board in the Schoo! of Public Health of Harvard 
University and the Massachusetts Institute of Technology; Fellow American 
Public Health Association; Chairman, Health Section, World Federation of 
Education Associations; Major, Sanitary Corps, U.S. A. (Reserve). 

Teachers of hygiene who are offering separate courses on Personal Health have 
created the demand for this book. This demand is based on Dr. Turner’s author- 
ity as a leader in the fie]d of hygiene, and on the remarkable success of his ‘‘ Per- 
sonal and Community Health.’’ Every phase which affects the health of the 
individual is explained in a simple and understandable manner. This includes 
all:the latest phases with their explanations. The material is so approached that 
the principles of hygiene are given which are followed by their application to 
the individual. 


FUNDAMENTALS OF ANATOMY 


325 pages, with original illustrations drawn especially for this book. 
Ready in June, 1937. 

By CARL C. FRANCIS, M.D., Senior Instructor in Anatomy, Western Reserve 
University, School of Medicine. 

From one of the most outstanding Anatomy Departments in the country comes 
this text. It is made up of material condensed from the great wealth of knowl- 
edge of anatomy. This material is presented in an interesting and logical manner 
From the introductory chapter to ‘‘Surface Anatomy,’’ which is the last one in 
the book, each system is taken up. A large number of illustrations, many of 
which are in color, were especially made for this book. 


Send for list of Mosby publications 


The C. V. Mosby Company .. Publishers .. St. Louis 
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Macmillan’s new and forthcoming 
college texts in the field of science 

AUTONOMIC NEURO-EFFECTOR SYSTEMS 


By WauTER B. CANNON and ArTURO RosENBLUETH, both of Harvard 
Unwersity. 
A new volume in the series of Experimental Biology Monographs. 


Published. $4.00 
PHYTOHORMONES 
By F. W. Went, Califorma Institute of Technology, and K. V. 
THIMANN, Harvard Unwersity. 
A new volume in the series of Experimental Biology Monographs. 
To be published in June. $4.00 (probable) 


LABORATORY MANUAL OF GENERAL CHEMISTRY 


By Harry N. Houmes, Oberlin College. The new Fourth Edition, 
revised, and printed on detachable sheets punched for a standard 
binder. To be published late summer. 


THE LABORATORY PRACTICE OF ORGANIC CHEMISTRY 
By G. Ross Ropertson, University of California at Los Angeles. 
Contains full discussions of theory as well as experiments. 
To be published May 18th. $2.25 (probable) 


A TEXT-BOOK OF PHYSICS 


By L. B. Spryney, Jowa State College. Fifth Edition, revised and 
brought up to date. To be published in June. $3.90 (probable) 


MECHANICS 
By Wiutu1AM Foae Osaoop, Emeritus, Harvard University. A very 
complete treatment covering both the physical principles and the 
mathematical theory. To be published in July. $5.00 (probable) 


A HISTORY OF LAND MAMMALS IN THE WESTERN 
HEMISPHERE 


By Wiuu1AM B. Scort, Princeton University. <A standard reference 
book brought completely up to date in a new revised edition. 


To be published in July. $7.50 (probable) 
ACID-BASE INDICATORS 
By I. M. Koutuorr, University of Minnesota. The first English 
translation of a well-known reference book. Translated from the 
Fourth German Edition by CHARLES RosENBLUM, and revised by the 
author. To be published in July. $7.50 (probable) 


MAN’S PHYSICAL UNIVERSE 


By Arruur T. BAWDEN, College of the Pacific. Designed for survey 
courses in the physical sciences—very comprehensive and scientifi- 
eally accurate. To be published late summer. $3.50 (probable) 


AN INTRODUCTION TO THE PHILOSOPHY OF SCIENCE 
By A. C. Bensamin, University of Chicago. The first systematic 
survey of this field, indicating’its main problems and discussing the 
chief types of solutions. To be published September first. 
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